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No. 347, ‘one of three wit by ‘the 
Iron Works, Ltd., under an order of the President’ dated 
July 31, 1918, and confirmed: by: an order. contract dated 

_ November 8,.1918....Their numbers. are 345, 346, and 347...) 
These vessels. were built on. the. cost: plus fixed: fee’ plan 
with the builders receiving one-third of ay saving” in cost 


Bonuses limited. to .$15, 000.00: per for: economy 
fuel oil consumption below ‘stipulated’ amounts at ‘vatious 


A’ speed of 85: knots was: a in 
carrying a trial load.of 299,1 tons, in 2 the 


The Society as a‘body is not responsible ‘for stateménts made by individual ‘members 


2 U.S. S. PRUITT. 


The photograph supplied by Mr. N. L. Stebbins shows the . 


Pruitt making 36. tle measured mile. 


LEADING PARTICULARS—HULL—DESIGNED. 


on W. L., feet and 3100 
Beam, molded, extreme, feet and inches..............0020000- 80-11% 
on L. W. L., outside of plating, feet and inches.......... 30-9 
Depth at side amidships (molded), feet and -20-7% 
Draft of hull to L, W, feet.and inches...,..... 
Displacement corresponding, tons... +. 1,200. 
Tons per inch at L. W. L.. 
“Wetted surface, square feet,............ 
Transverse metacentric height, feet........... 1,82 
Center of gravity above base, feet.......... ‘12.45 


BATTERY. 

Four 4-inch R. F: Guns: © 

One 38-inch Anti-Aircraft Gun. 

Twelve 21-inch Torpedoes carried in 4 triple tubes. 
‘Two 30 Caliber Machine Guns. 


pata 

: ib ‘MACHINERY. 
Boilers Normand return farate oil-fired ‘on closed fite-room system. 
Working pressure, ier square inch... 

volume, per boiler, cubic’ feet........ 
“Propelling engines, Parsons single “geared turbines. 
Propelling engines, total shaft horsepower at 35 knots.....:... 27,500: 
Revolutions per minute at. 35, 442 
Pitch diameter of reduction gear, ‘inches. 


Face of reduction gear total, inches...) 


‘ 


U. SiS. PRUITT. 3 
Pitch diameter of high. pressure, pinion, 9916 
Ratio. of high pressure es 
‘Pitch ‘diameter of low pressure ‘pinion, 16.688 
‘Ratio of low pressure 
Cooling surface of each condenser, square 
axial hole in shafting) inches. 227%) 
propellers, inches 
Projected area of propellers, square ‘36.3 
Developed ‘area of propellers, square 
Number of’ Hades 
Machinery including water, tons... 42802 


“GENERAL, DESCRIPTION OF HULL. 


This vessel is of the flush deck type that was deel each: 
sively for the 35-knot class built by the United States Navy 
during the war.''’The freeboards at the bow afid’stern are the 
same as on the older type of taised forecastle destroyer, thus. 
making a very decided slope of the deck from forward aft. — 

On the continuous flush main’ deck are situated forward, a 
chart house and radio Toom: a 
cabin above them. = 

Amidships on the main deck is is an the 
in the center and the forced draft blower inlets at each side. 
Aft on the main deck is a hotise containing an auxiliary 
tadio room, torpedo repair room, a crew's: ‘wash room and a 
"She interior of the ‘hull’ between 85 is de- 
‘yoted to the machinery. Forward of the machinery there is a 
first anid a second platform deck. On'the first platform! déck 
beginning forward ‘are the following spaces: Lamp toom, 
store room, windlass engine room, quarters for chief petty 
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‘officers, ward room and staterooms for the commissioned 
officers. On the second platform deck are the paint room, 
chain locker, two store rooms and two. compartments devoted 
to crew’s quarters. 

The hold in the forward part of the ship contains the ie 
tanks, a listening room, fuel oil oe and a 4-inch 
magazine. 

Just abaft the sinters betiveen frames 131 and 137 are 
fuel oil tanks having the full depth of the vessel and saealy 
subdivided. 

Aft of bulkhead 187 is a deck to 
the stern and containing two crew Semper 6 a HONE room 
and the steering room. 

~The hold under this deck contains a spinel titrate, two 
store rooms and the after peak tank. 

Accommodations for eight’ commissioned officers vi 114 
crew are provided. 


One 24-foot Motor Sailing Lean, 
One 24-foot Whaleboat. 
One 21-foot Motor Dory. 
‘One 10-foot Punt... 
are all stowed on skids well main 
except the whaleboat, which hangs on 


HULL, AUXILIARIES. 


ee is a vertical worm-driven windlass, ‘ot Hyde Wind- 
lass Company’s make for 1-inch close link chain, . Power is’ 
supplied by two steam cylinders 5 inches X 4 inches. 
_ The steering gear is located in the steering compartment at 
the stern. It is of the right and left hand, screw type operated 
by two vertical 634-inch X 8-inch steam cylinders through a 
single reduction gear... An emergency hand gear is. seine 
to. substitute for the.engine and reduction gear, , 
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‘The steering engine’ is controlléd by a wire rope 
a wheel-on the bridge, :and:an entirely: independent: duplicate 
control is fitted from a wheel located on the top of the after 
deck house. 

The galley is equipped with an oil-burning range. “There 
are the ‘usual fire main, flushing, fresh water, ‘draitiage, heat- 
ing, forced ventilating’ atid interior systenis: 
sulphur dioxide refrigerating machine supplied by’ the’ 
Johns-Manvitle is installed’ on “of ‘the’ ‘teftiger- 
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One ‘Linch gun is located welt of the « chart fhouse 
on the main deck, one is ‘located on “each side on ‘the mi ; dship 

superstructure and one on thé after deck ‘house 

“The anti-aircraft gun is located, on the | main i deck j just a 
of | after deck house. 
“the 4 triple torpedo tubes are Tocated two on “each side of 
the main deck between’ No. 4 smoke. pipe and the after deck 
machine .guns are on. side. of; the 

The of machinery is clearly ishown:on 
the diagrams.  .bonisido 

The boilers, turbines, reduction, gears, condensers and all 
auxiliaries except blowers, pumps, and electric plant were, i 
si ed and ‘constructed by the Bath. ‘Works, 

The ‘boilers are designed to, stand d ‘a high, Fale. of. forcing 
without damage. 

To that end the tubes next ithe furnace and the first four 
rows. in the gas entrance. to, the, tube, clusters are; 134-inch 
diameter. The next eight rows in.the gas entrance are 74-inch 


Hip 


\ 
\ 

| 

1 


and the:balance are 114-inch. The long, smali tubes, there- 
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“MAIN ENGINES. 


Each shaft. is. driven; through:a double -helical single pt 
tion gear by a high-pressure and. a low-pressure turbine of the 3 
Parsons, type, each operating its own pinion, wien anesia 
with the. large gear on the main shaft. 

Cruising stages of blading with suitable by-pass belts are 
fitted on the high-pressure turbines for use at reduced power. 

Kingsbury thrust bearings are used to take axial thrust of 
turbines and also to take the thrust of the propellers. 

_The condensers are of the bent tube type, with tubes ex- 
panded into the tube sheets. The tubes lie in horizontal planes. 
The circulating water makes a ‘single pass through tue tubes. _ 

_ Circulating water is, supplied by scoops without pumps when 
the vessel is moving ahead. A 14-inch turbine driven, cen- 


trifugal pump for each condenser is supplied for use. when 
the vessel is still in the water or going astern. ch eh CMe? 
EVAPORATING PLANT. ror 

are two evaporators of the Bureau of: s 
vertical type and two distillers of Bath Iron Works’ design. 
The evaporating and distilling plant has a normal capacity 
of 10,000 gallons of water per 24 hours and an overload 


capacity of 14,000 gallons. This. was: 


TUBRICATING O11°COOLERS. 


"There are two, oil, coolers having a total capacity ‘sufficient 
to cool all the oil required i in the forced lubrication service, to 
100 F. when cooling water at 60 


if 


Steam Puinp Company’ are installed : 
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‘ FEED WATER HEATERS. 

There are two vertical feed-water heaters of the pressure 
type capable of eapire, aunili- 
at full Power: 


ad 


There: are six forced-draft blowers with vertical shafts 
driven by Terry Turbines. “Three are located in each fire 
room. Any’one or any two of these three car Operate sepa- 
rately. ‘The turbine of one of them is arranged, however, to’ 
operate ‘normally as a high-pressure turbine and:exhaust into 
one*or both. of the others:as: low-pressure turbines, thus com- 
pouriding the steam through: the bigvess in = service 
witha great gain in 


FRED AND TANK. 
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There is in auxiliary condenser of 310 square feat cooling 
surface mounted over a combined horizontal air and cieyaletng 
pump. 

The condenser tubes are ‘bent i ina hornontal plane and 
expanded into the tube sheets. 
Two 25 K.W, direct-connected turbine-driven General Elec- 
tric Co.. generating sets supply direct current at 125 volts for 
the varidus services on board.. 

There. are two 24-inch searchilights moutited. on a a raiged 
platform’ over the engine room skylight. * 

The preliminaty acteptance.trials of this on 
1920. 
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SUMMARY OF | 
OFFICIAL, STANOARDIZATION TRIALS 
WIND 
(SHiGH RUNS) = 12/0 TONS 
NO. OF RUNS 1-2-3 7-8-9 10-11-1285 
SPEED 10.04 || 15.56 | 20.98 | 25.049 2260 
[421210] 230 830 2400 | 5300 7730 
S.H.P. PORT 142 784 2085 4484 6609 
_STARGOARD | 73) | i404 | 4135 604 
Prom | -548 - $92 +602 
REVOLUTIONS - PORT 106.44 167.01 228.98] 282 80 322.63) 
STARBOARD] 106.38 || 167-7) 285.17 | 3 
M@AN 106.66 | 16%06 | 
+ 0626 -OW7 -0888 144 
THRUST PERS” PRO | 0.713 | ove 
BOILERS IN USE 4 4 4 4 
ENG.) FiRE ROOMS For ary i arr ArT 
BOILER GAUGE | 247 25/9248] 252) 250] 
MAIN STM. «124? 247) 
AUX. STM. -E.R. 24 245) | — 
H. = 8 4 6 9 
AUGMEN TOR ST™™. 160 a5 199 | 14604? | 
PUEL Oil. TO BURNERS | 1005 97 io: | 
[LU8. on, GAUGE BD. 5 7171—I—1- 
[He Row 10 3 S20) £39 
- | 14.3 47 1 46576 68 
[(INS. ABSOL..) CONDE Tor | 0.4 |— — 
AIR PR SCT | 2.4) — 2/1 | — esi—i 
[AR PRESS, ER. INS. 5-01 2.97 3613.45 321348 351257 
OUMMY CLEARANCE - INS} .O1S | 9-0/5 | 012] . C10, BIS 10%) 
BOILERS IN USE 2 
BURNERS IN USE 12-2] 3-3 13-31 6-6 7-7 
Lower 82s | 8004 900 18508 900 | 874 | food 
AiR PUMP | 84 |— 7o | 68 167 | 68 | 4 
mon 58 1568 58 | 57 1 53 sé $6 1565: 
MAIN DISCHARGE 62 | 64 60 | 62] Go | 60 | 63 
Rooms 1098 104.) 0 1108 | 104) 104 | Os | 1095 
7 795 79 79 78 1 76 7% 
F.0. FROM HEATER Zoo 168 | 196 | 1845 1464]! 
v WATER -LBS. PER HR. -AP 
£85. —— — 
AUX. EXM. (SURPLUS) LEO M. Tas. Comp Tae. 
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AUG. 18-1920 
LIGHT AE. 
SMOOTH 
19-14-15] 16-17-18 14-20-28 22 To 26] BACKING 
2760 | 30.08 32.91 | 35.85 | 20.74. 
_7730 13120 1@100 
6609 e723 11394 14850 30's 
| 6474 11703 
322.635 355.6) 401. 59 454.251 271.06 
320. 356. 37 460.05 72.19 
ai 3$5. 402.!3 454.65 
144 157 183 -238 
10.67 2.42 | 
[73860 
4 4 4 4 4 
arr arr ArT arr arr 
250 248) es2 248) 252) 2 
£49) 2415 246) 
— —| — 240| 23¢ | 2401 ——| — 
49? | (435145 | 102 144 
| 100 | 103) 103 | 98 8 | — — 
239 [228] 233 2220 2¢ 
75 1 6 #13] 219 pate 
29.0| 528.3) — — 
AQ 1.8) | 22i— 2.7)/— 3.21—. 
— 2.4) — 2.71— | — 
3.51357 3.5 | 3.5 4.214.) 4619.5 | — 
| 900] Yeo | — 
342419 /e 18 1/4 2) | | — 
163065 167] 1671695 70) 7 3/00) 104) 
cone a0. COWD a4. 
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a), A trial on, ‘the mile to con- 
sist of a total of 26 runs at speeds from 10 kenots to maximum 
speed, and also. two.runs.astern at 20 knots. 
four-hour run.at full power... 
(8) A four-hour run at 80 knots... 
A six-hour run. at 25, knots. 
four-hour run.at.20 knots. 
‘Turning, trials both ahead and stopping, hacks: 
ing and trials. 


"hese trials were ‘all out ‘without incident. ‘The 
results observed are shown on the tabulated Sheet and the 
sheet of curves attached. 

‘On trials (2) to (8), inclusive, fuel oil Gblibldngid was 
measured throughout the trials. “During the first hour of each 


| 


of these trials the water consumption measured ‘was that of - 


each run was for all ‘purposes. 

- hour of the run and the hourly consumption during the subse- 
quent hours gave ‘the steam consumption of the auxiliaries. 

On trial (5) the evaporators and distillers were run at a 
rate of 2,620 gallons of water per 24 hours, and, of course, 
this increased the consumption by the auxiliaries on this trial. 
The ‘vessel was backed steadily and continuously at a ‘Speed 
~ of 20.7 knots’ for a period of 25 minutes during the two runs . 
astern on the measured mile, and while conducting the steering - 

tests going astern. This gave an ‘opportunity td measure the 
water consumption for all purposes and the shaft horsepower 


while going astern at a speed of 20. 7 knots. ~The result is ie 
in the table. 


TDINes OF € watei COL TeECOrded TOT The Test O 


The sheet of curves permits some interesting observations. 

’ The curves of oil consumption per shaft horsepower and — 
water consumption per shaft horsepower both for all purposes — 
and for turbines only are very flat: throughout a very wide — 
range. The oil consumption and water consumption per horse- 
power are practically constant forall powers from 25 per cent _ 
to 100 per cent of full power, and the loss of economy below’ 
25 per cent of full power.is not at-all rapid. ‘This flat char- 
acteristic of these curves is in marked contrast to that of 
similar curves for direct coupled turbine drives. The reduc- 
tion gear permits the use of a turbine that makes this i ‘improve- Zi 

ment possible. 

The best fuel and water economies occur in the ee 
hood of 29 knots and they are as follows :— 

19,500 B.t.u. fuel oil per S.H.P. per hour, pound. . 
Water for all purposes per S.H.P. per hour, pounds... 

Water for turbines only per S.H.P per-hour, silat. 10. 6 
These figures are slightly better than the average obtained — 
on vessels of this class, but they do not represent any marked ie 
change since the adoption of ‘the reduction, gear in connection — 

with turbine propulsion. Further minor economies can be 
obtained by the use of superheated steam, feed-water heaters 
in the uptakes commonly known as “ economizers,” and more _ 
economical turbines. The gain from each is small and the 
penalties paid in weight, space and_ loss of Teiahility. are 
large. 

The curve of effective horsepower (bare hull) divides typ? : 
shaft horsepower, which we usually term, loosely, the curve of 
propulsive efficiency is typical for a destroyer. The values _ 
may be slightly higher than are shown on other types of : 
vessel, but if this is the case, the improvement is due to the 
reduction of rake of the propelling shafts and great care — 
in the design and construction of appendages such as shaft — 
bosses, struts, circulating water scoops, rudder, and bilge keels. 

The curves at the top of the sheet showing the evaporation — 
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DESTROYER “PRUITT” 
CURVES OF OFFICIAL TRIAL DATA 
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of water per pound of oil burned are much higher than have 
been obtained with smaller boilers of this same type on ship- 
board. The use of large boiler units | seems to any ee 

It will be noted that... 
One boiler will drive this nant up to 25 knots. 
‘Two boilers will drive this vessel up to 30 knots. 

' ‘Three. boilers will drive this vessel up to 35 knots. , 
Four boilers will furnish more steam than can be passed 

through the turbines and auxiliaries. 

_ ‘These curves of evaporation also show the boiler combina- 
tion that will give the best economy at each speed, but unfortu- 
nately. the low air pressure necessary for these economies gives 
a very hot fire room and for comfort of operation it is usually 
desirable to use fewer boilers and higher air pressure than the 
combination giving the highest efficiency. : 
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PROPELLER THRUST MEASUREMENTS s. 
PRUITT. 
DESIGNING ENGINEER, BATH IRON WORKS, LTD. — 


The design of marine propelling machinery presents many 
problems for the solution of which the designer depends upon 
his ability to obtain and analyze the data taken during the 
actual performance of similar installations. Measurements of — 
indicated horsepower in the case of reciprocating engines and 
shaft horsepower for turbine machinery have furnished a basis 
sufficiently satisfactory- for the determination of the principal 
dimensions of the main engines. 

For the determination of the power reuited to drive the 
. ship we have the results of the model tank experiments, gen- 

erally expressed as effective horsepower. , 
_ The ratid between effective and shaft horsepower, often 
referred to as the propulsive efficiency, has to be taken. from 
actual trial data and the large variation in the value of this’ - 
ratio for different types of ships has always Preece some- 
what of a problem to the designer. — 

This ratio includes at least four variables: 

1. Appendage resistance. 

2. Thrust deduction. 

3. Wake. 2 

4. Propeller efficiency. 

The first three of these ae been examined more or less 
thoroughly in model tank hull experiments but the data is not. 
at all complete. The fourth, propeller efficiency, has been the 
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subject of extensive systematic model experiments by Admiral 

thereon) 

is affected by both hull and ‘propeller design, andthe desira- 
bility of obtaining full scale date on each thse above 
components is manifest. 

A knowledge of the divide the 
_ problem into two parts and so provide:a partial solution and 
with ‘this in view an attempt: to measure on 
the Pruitt:was determined upon. 

_. “A deseription.of the vessel and the trial are 
_ject:of another paper by Mr. Charles’ P. Wetherbee, in this 
issue of the Jourwat, and: from this paper it» will: be seen 

that the main propelling machinery consists of two sets of 

turbines and’gears on two shafts. On each shaft. is the gear 

_ wheel driven by: one H.P. and one: L,.P.: turbine: placed’ on 
- opposite sides of the gear wheel. Between each pinion and the 

turbine driving it is a flexible claw coupling, the sleeve of which 

has a total float of about 44 of an inch: The object of this 


coupling is to prevent any axial thrust being transmitted from 


the turbine to the pinion or vice versa. The gearing is ‘of the 
double helical type,'so that the: pinion under load will always 
work in the same fore and aft position rélative to the gear 
Each turbine has: a thrust ‘for: its 
own axial adjustment. » 3 
» The main in the: tak 
thrust bearing: whichis of the Kingsbury type located on the 
forward side of the gear. ‘The housing of the thrust bearing 
is cast integrally with the gear bed plate. The thrust apparatus 
itself is:applied to the thrust bearing by oe 
plate on the end and substituting ‘the apparatus. » 


DESCRIPTION OF THE APPARATUS. 


The thrust measuring apparatus is shown on Fig. 1 and con- 
sists of a copper diaphragm .019 of an inch thick supported by 
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‘avheavy steel plate'with a gasket .041 of an thick between 
the diaphragm and the plate+all three forming:amarrow Space _ 
about 2134 inches diameter into which oil can be pumpedi»;A 
clamping ring together with adjusting liners: and|studs;icom- 
As the forward cage containing the: ‘the Kings- 
bury thrust pads has a large hole to clear the :nut' on the shaft, 
it'was necessary to interpose a plate marked (2) to, distribute 
the pressure over the diaphragm. The. liners marked: (24) 
are’ for the purpose ‘of making: fore and. aft iadjustinients: to 
provide sufficient working oil clearance for proper operation: | 
The apparatus for handling the oil consists of a hand serew . 
pump, similar to that used on pressure gauge testing: machines, 
_ funnel, pipe and valves as shown on the drawing. “For measur- 
ing the oil pressure: behind: the diaphragm, a: sensitive | test 
gauge, graduated to one pound, is fitted as shown on plan! A 
valve for throttling vibrations of the gauge pointer and a leak 
off for the release of air and excess pressure into the funnel . 
is:also provided. When not in use the oil is»released: from 
behind the diaphragm allowing it to: close on the heavy cover 
plate which then the thrust as it if 
device were fitted; 
tehageea the diaphragm and cover plate until no further rise in 
pressure takes place, a condition found to correspond to'adis- 
placement of the shaft of: rather more than 1/82:inch. Care 
“was necessary to avoid too much pumping which would cause 
‘the thrust:collar to bear on the:astern pads of the thrust bear- 
ing, thus giving a false reading of the:pressure.. The pumping 
arrangements, however, were such that the work of pumping 
‘was somewhat laborious and there was very little actual! dan- 
ger of the operator:overdoing it, except perhaps at’ very low 


ressures. 
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CALIBRATION OF THE APPARATUS. | 
‘It was considered necessary to have some means of checking 


the apparatus to determine whether the product of the pres- . 


sure read on the gauge and the area behind the diaphragm 
represented the load on the diaphragm. For this purpose the 


apparatus was set with its axis vertical on the floor of the shop 
and heavy loads applied to a plate resting on the diaphragm. . 
‘The load consisted of a large: propeller, :shafting and stern 


tube, and totalled 45,732 pounds. These weights were weighed 
on an ordinary weighing machine recently certified correct. 
Micrometer measurements were carefully taken to detertnine 
_ the actual rise of the load, and also to make sure: that: 2 
axis of the load was kept ina vertical position. . At 

‘The résult of this calibration shows that the effective diam- 


eter of the diaphragm was 21.41 inches instead of 21.78 inches, 
_ the actual measurement of the diameter of space behind the — 


diaphragm. ‘This reduction, though small, seems to the writer 
rather: more than might be expected from physical considera- 


tions, ef the conditions at the edge of the diaphragm. The — 
whole correction, however, only amounts to:1.6 percent of the 


diameter or a little over 3 per cent of the area... This correc- 
tion was applied to the actual thrust readings taken on. the 
trials by using the effective diameter, as found by the calibra- 
tion, in’ place of the actual measured — ‘ou applying 
the correction proportional to the load.: 

It-is. possible, however, that the ‘not be pro- 
portional to the load, but somewhere between that and a con- 
-.$tant quantity, and for that reason it would have been desirable 


- to calibrate the diaphragm at various loads covering the range _ | 


atiticipated on the trial. For practical reasons, however, it was 
Grapossiblé to’ get any more dead load’ ‘on’ the ‘apparatus’ for. 
calibration purposes, the maximum possible being only rather 


‘more than half the thaximum measured on trial. The cali- 


bration, therefore, though: correct up to’ 30 knots, may contain 
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_. READINGS AND CORRECTIONS. 
‘In order to try out the apparatus, it was’ installed on the 

Sicard, a sister ship of the Pruitt, preceding her by a few — 
months. This boat was only taken out on one day’s preliminary — 
trial, and during that trial numerous readings were obtained 
which were probably quite accurate as far as the measurement 
of the thrust was concerned. ‘This trial was an ordinary build- - 
-er’s trial and subject to the usual variations, so that revolutions, © 
speed, and other data were not nearly so ee: or —_—_ 
as that obtained on 
The results: obtained on the: Sicard have teen 
stile: those of the Pruitt, but for the above reason no great _ 
nome was attached to the former in the fairing of the curves. — 
“The corrections applied to the readings ‘consisted of (1) 
Gauge Calibration Corrections; (2) Calibration Correction of 
the Apparatus, ‘(1.e., the effective diameter of the diaphragm), 
(8): Constant Correttion for the Weight of the Shafting, etc.. 
and its own rake; (4) Variable Correction for Weight of 
Shafting, etc.;and change of Trim due to Speed (ile. squat), 
to the Horizontal. : 

11: feet in length, ‘consisting of a round machined 
steel bob ‘suspended in‘ oil by.a cord ‘and ‘constrained ‘to ‘roll 
between two parallel bars laid.in a fore and aft direction!” This 


i 


RESULTS. 


The were the official 
standardization and endurance trials and. therefore under sis 
satisfactory conditions... 

. The method. of the the. 
ings for all.runs on the Pruitt is indicated, in Fig. 2: on, which 
also is the Spots at readings sheust, 
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both:Sicard and’ Pruitt. curve of»measured thrust Here 
indicated has been drawn through the spots after giving due 
weight ‘to’ those ‘considered ‘most’ reliable.:| Beside the curve 
of ‘measured thrusts is plotted the tow rope resistance obtained 
from ‘the model tank bare hull-plus 9: er cam for yh 


The thrust deduction coefficient, taken as equal to - Ore wher ere 


is the. measured thrust i in, pounds and. Ty i is., the rope 
resistance including appendages, in, pounds,. has, been plotted 
to the same ,base,, and, this. thrust deduction coefficient, curve 
was used. to some, extent. in fairing, the, curve of) measured 
thrust! ‘The. effect of this will be noted in.the hump in the 
measured. thrust;curve in the neighborhood of 18 and 19 knots; 
It,will be noticed that the thrust deduction. coefficient varies 
from a,maximum of ,215 at about 18 knots to a minimum, of 
. rather, Jess;than ,06) at, maximum, speed..... It is, probable; that 
the falling off in the thrust deduction coefficient at _ Speeds 
below 18 knots may. not be true,.because the thrust, meter read- 
ings below,,20, knots, are not, considered. reliable, pnd there is 

some question also.as to the accuracy of the results at 20"knots., 


Unies, to. us ‘until quite, recently, contemporary, measure- 
of thrust; were, made.on the British; Destroyer. Leader 
Mackay and the results. were embodied i in a paper, read before 
the; Institution of, Naval Architects by, con Frodsham Holt. 
. The Mackay and Pruitt were vessels not very, different j in size 
and; speed; and .a) comparison, of results is of interest. Paty 


he are given in the following table: 


ot ai od Pruatts Mackay. 
Bean} feet afd riches 201%. 81-9) 


4 
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The lines differed at the stern, the having 
V stern and the Mackay a flat one. 
Mr. Holt in his paper deduces: values of ‘alia by compasing : 
the propeller performance with the model ‘results. of Froude 
and finding the wake values necessary to make the full size and — 
model results agree. This comparison is made on two inde- 
pendent premises, one based on the S.H.P. and the other on 
thrust. There is ‘quite a difference in the results’ obtained by 
the two methods and moreover the values, ranging from 8 to 
25° per cent, are much higher than any previous experience 
would lead us to expect for such a model as the Mackay. 
Accordingly the following comparison of Pruitt and Mackay - 
has been made neglecting wake, that is, in the formula for 
thrust horsepower, T'.H.P. .00307 TV, V has been taken, 
for the purposes of this comparison, to be the speed of the ship. 
relative to still water of the the 
to wake. 
"As the wake could not be very different i in the two ships, this ; 
__ simplification should not appreciably affect the comparison, ’ but 
due notice should be taken of the ‘substitution when con- 
sidering the, values independently, E.H.P. in each case is 
from the model tank with an allowance for appendages. In 
the case of the Pruitt this allowance is 9 per cent. $.H.P. 
was taken from the torsionmeters in both ships. The com- 
parison is shown by curves plotted on a base of speed. . 
Fig. 3 shows the usual propulsive efficiency, E.H.P./S.H:P. 
In Fig. 4 is plotted T.H.P./S.H-P. which may be taken to: 
be a measure of the efficiency of'the propeller itself; in fact, 
if the wake is the same in both vessels this ratio gives an exact 
comparison, and: as will be shown later there is reason to 
believe that the wakes were similar. 
In Fig. 5 E.H.P./T.H.P. has been plotted to indicate a 
comparison of hull’ efficiency since the denominator or ie 
ratio and thrust deduction. 
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for the choice of co-ordinates ‘used in the curves 
: above referred to may be given as follows: 
Using Admiral Taylor's. notation: 
R= Resistance of ship (tow rope) 
Thrust of propeller 
V = Speed of ship relative to’ still water 
Ew == Speed of ship relative to-wake © 
SEP. 
but RV =EHP. TV. =THP. 
“RHP.  EELP. al ‘T.HLP, 


-, Propulsive efficiency = Propeller efficiency Hull ficiency 


Note that in above T.H.P.=TV,. 


These curves, though ‘somewhat unsatisfactory from a 

truly scientific point of view, are not without interest. 
ferring to Fig. 3, the rapid falling off of the propulsive 

efficiency below 20 knots in the’ ‘case of the Mackay is probably — 


the a not uncommon difficulty. - At the higher 
powers where the larger readings. produce better results on 
all instruments and the data is ‘more reliable, the propulsive 
efficiency. of the Pruitt greatly exceeds that of the Mackay, 
a feature that has often been noticed when comparing the per- 


formances of American and British destroyers. ‘The difference - 


in this case is 20 per cent at load and 84 per cent in light con- : 
ditions, and is great enough to invite‘an explanation, = = 


Fig. 4 represents a comparison of propeller efficiency sel fh | 


at the higher powers shows fairly close agreement in the two 
_vessels. The steady increase of propeller efficiency with re- 
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EXPERIMENTAL MODEL BASIN 
WAKE IN WAY OF PROPELLERS 
ON « 
MODEL * 2/92 
U.S.7.B. DESTROYERS */86-*335 
ON LINES FROM BATH IRON WORKS. 


‘SECTION ABREAST PROPELLER 
1095 OF A.R 


o>erm OFOR BAM 


SPEED RATIO OF SHIP To MODEL. 3.94 
TRIM EVEN KELL. 

LINEAR RATIO OF SHIP To MODEL 15-5 
SPEED OF MODEL. 7-61 KNOTS 
SPEED OF SHIP 30-00 KNOTS 
DISPLACEMENT 714.00 
SCALE 2 FULL SIZE OF MODEL 


NOTE 
ARROWS ARE VECTORS TRANSVERSE 
COMPONENTS OF WAKE TO A ECALE OF £" = 10 % 
OF SPEED OF MODEL. 
NUMBERS INDICATE PORE AND AFT COMPONENTS 
OF WAKE IN PERCENT OF SPEED OF MODEL. 


ARBITRARY LIMITS FOR THE SAME. 


EXPERIMENTAL, POSITIONS WERE TAKEN ON A 
OF THE DIAM.OF THE PROPELLER, 
AS THIS 1S TAKEN TO BE THE NORKING RADIUS 


CIRCLES AT EXPERIMENTAL POSITIONS ARE . 


4 
q 
4 


duced speed inthe case‘of the Pruitt'suggests that the thrust 
readings at low powers are too high, since this feature was not 
present. in Fig, 8, and this, suggestion is supported by., the 
somewhat, falling off of the. efficiency low 

Fig. 5, ‘comparing hull shows 
in favor of the Pruitt. 

Bearing in mind that all measurements are stibjett to much 
greater errors at low speed’ than‘at ‘fullspeed, the comparison 
seems to‘ indicate that the ‘advantages gained by the’ Pruitt 
were dué to the factors ‘affecting wake and thrust deduction, | 
namely, the design’ of the hull and the rs pee er aft, rather 


COMPARISON Wit “MODEL: EXPERIMENTS. 


» Ai attempt was made to find the relation between the actual 
performance of the Pruitt’s propellers and that! of a model 
propeller of ‘similar proportions,» This would ‘not be ‘very 
difficult not tow two: factors; wakie virtual 
wake ‘of the Pruitt’ in’ the 
Model Basin at a speed corresponding to 30‘knots, using Pitot 
tubes distributed over the area.occupied by the propeller. By 
courtesy of the Bureau of Construction and Repair the results 
are shown on Fig. 6, from which it will be seen that for the 
speed of 30 knots there is practically no waké, the average ‘of 
the spots being something less than, cent negative., 
speeds in the neighborhood of .30.knots, \therefore, no.great 
error, would be involved. if 'the wake be taken,as zero. 


face pitch of the propeller was, accurately to be 
10,47 feet, andthe \virtual| pitch; or.pitch of zero,thrust, (equal 
to speed of advance divided. by revolutions at no 
obtained by to Das ot 


3 ry 
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‘In using Admiral Taylor’s model experitients, his rey 


_ paper published in 1904 before the Society of Naval Architects - 


-and Maritie Engineers was’ used and in thé form that‘ fhe 


results are is convenient to compatison 
on a basis of S.HP. 


of advance of relative 
- to the water in which it works... 
A coefficient found from the. 

and depending upon 

‘as the only variable. ets! 

and virtual pitch affect’ both V and §'in the above 

formula and by inspection it was found that *the.-best agree- 
ment between’ the S.H.P: calculated. by the formula and that 
actually measured by the torsionmeters was obtained by taking 
the wake as zero and the ‘virtual pitch equal to 10.77 feet.or — 
1.06 times the face pitch. The results thus: are! here 


.P. by mode 1580. “4180 8720 20450 
SHLP. torsionmeter ,,.,..640. 1700. 8575. 13725 


‘Thete is reasonably. close’ ‘agreement except at 35 knots, 
where there'is a wide discrepancy.. Any attempt to adjust'this — 
by using different values of virtual ‘pitch and wake were un- 
successful. It is possible that the wake may have'another value _ 
_ at speeds above 80 knots, but it would-hardly be'likely to reach 
16 ‘per cent negative, the value necessary to bring the model _ 
S.H.P. down to 13725, and of course another value of the — 
virtual pitch selected to adjust the S.H.P. at 35 _— p woud 
affect the agreement at pends. 
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27 
possible explanation of the’ disefepancy at’ 35 knots is 
. that the model values'of S were extrapolated in this region, or 
there may be partial cavitation in the actual screw which would 
not be present in the model, and which; while perhaps too 
slight to seriously affect efficiency, would permit of an increase 
in revolutions sufficient to, give an augmented slip that: would 
quickly affect S.H.P,..through, the. S curve of the 
experiments. 

A further suggestion that the Ss HP. by the torsionmeters 
may be’ wrong’ is untenable, because this is checked by the 
steam consumption which in turn was checked by’ the fie’ oil 
consumption, both of ‘which wéré measured on the Pritt and 
would have inditated’ any error in’ CHP: about 
per cent at full power! Jostts on yl 

‘The propeller’ 4 ‘is given 
T:H.P./S:H.P; where T.H.P, ==:100307. being’ |the 
measured “ and V ae ship for zero wake. 


Actual. propeller efficiency 


‘Although in fair agreement the higher’ speeds, this:com- 
_ parison bears out'a previous indicatiom that the thrust measure: 
ments at lower powers’gave results much toovhigh:)) 


R..5. FROUDE’S EXPERIMENTS, 


. These, experiments were the subject of a paper before ‘ei. 
Institution of Naval Architects i in 1908 and a comparison be: 
tween these and Admiral Taylor’s experifhents, made by TB. 
Abell in 1910, showed the results of the independent investiga- 
tions to be in fair agreement. — 4 

Froude! s analysis is given ina fort. convenient’ com- 
paring his model results with the actual’ ‘perfotmiance’ of the 
Pruitt on a basis of thrust. The method is as follows: 
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(D == diameter in feet = 9.17 in case of: 
bas lebom, ol} ai. 

‘He the coefficient “a” ‘to be’a ratio, 
disc'area ratio’ and slip giver by 'the'telation’ 

in cabick p is the pitch ratio and Ba factor depending upon the 
disc area, ratio only... 

Substituting in (3), the. ‘and. B the. Pruit?’s 
propeller and neglecting the term -08.S) which has prac- 
tically no effect within our range of slip, we find. a= 3.27... 

substituting for a and D in (2), the) equation becomes: 

= 2. 33 R? being revolutions ininuite! 

The of p to. the calculated thrust the 
measured thrust at 30 knots (the speed at which the model 
tank experiments showed the wake to be about zero) was found 
by inspection to be 1.198, and this value was used in above. 
This means that the virtual pital in this’ case ~ be taken at _ 
1.08 titnes the face pitch. 

The following table gives on, the basis: out-— 
‘above, the wakexbeing taken at zero for, all. speeds, and, | 
as the thrust is for ‘one propeller, ha te anges 


FROUDE. 


in i "20, 
face pitch ........ 0725 125. 
Real slip (virtual pitch Gl 
1.08, EA) 141, 150° 
{ 


wey 
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Thrust (model) = 

8500 16500 35800 64800 123800 
‘Thrust measured ‘22250 41350 64800" 81950 
Efficiency of model 


Efficiency of actual pro- 
peller = 'T.H.P./S.H.P. .843 808.737.696.641 
In the above table the model and measured thrusts show a 

large discrepancy at 35 knots, similar to that noticed in the 
previous comparison of S:H.P, in ‘Taylor’s analysis, while at 

lower speeds the thrusts do not compare so well as S.H.P. 

But the comparison assumes zero wake and it is possible to 

find a value of wake at each speed that ath make the erat cal 

culated thrust equal to the measured: 

» Although the difference between thrust 
is quite large, it would require only moderate values of. wake 
to adjust the difference and, to follow the effect of: wake 
through, a new computation has been made using the wake 
pure to the model and measured : 


"FROUDE ANALYSIS—WAKE INCLUDED. 


Real slip 12025 219 180 


Efficiency of model propeller . 665.672 677 665 
Efficiency of actual propeller 81 715 696 


At 35 knots a negative pia of 9.1. per’ cent is ‘required to 
adjust the thrusts and though a slight negative. “wake mi 
be expected at this speed itis hardly likely to exceed 3 =" 
per cent. On Taylor’s S.H.P-basis —16 per cent. was required. 
The moderate wake values found at the lower speeds do not 
appear to: be: unreasonable; in fact, on general considerations 

of the flow of water adjacent to the hull, a small positive wake 
at lower speeds seems to be almost a probability. 
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Fig. 7, curves’ pf wake and a propeller efficiency as de- 
duced from: Froude’s analysis are shown’ 


CON 


knots the thrust and S:H.P. were “Wabi than 
the model experiments woitld lead'ts to expect from the pro- 
pellets at the revolutions’ and speed “recorded, and from ‘this 
one is led to the’ belief that partial’ cavitation existed in the 
actual’ screws, although this was was apparently flot’ sufficient ’ to 

The efficiency of the’ actual seems’ to be’ about ‘eqtial 
to that of the model screw run ih open and’ tindisturbed ‘water. 
This conclusion runs contrary to the general belief’ that'/a’ de- 
duction in efficiency must be expected due to the tirbiilent char- 
acter of the water in which actual propellers work!’ Mr. Holt 
thought that was cent in the case of’ ‘the 

The lie for ‘more’ knowledge 
regarding wake and the’ratio that ‘the Virttial pitch beats to ‘the 
nominal of ‘face ‘pitch’ of ‘propellers: ‘Of: various: proportions, 
without which the available model propeller results ¢eatinot “be 
fully ‘utilized’ Inthe’ case Of ‘the Pridtt ‘the festilts seem to 
indicate that the’ wake must be‘neatly' zeros probably a’ sinall 
positive waké exists at lowet speeds and a small népative wake 
at fhe maximum speed. The value of the ratio of virtual to 
_ face pitch is about 1.07. The model tank can best provide 
these data which can be conveniently checked by actual thrust 
measurements. 

The thrust measurements on the Pruitt were undoubtedly 
too high at low speeds. At the time the readings were taken 
the operators wére very dubious about results at 15 and 20 
knots. The pressures recorded at these speeds are small and 
for that reason alone are susceptible to greater errors, but it 
was also noticed that, although conditions in the engine room 
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might be absolutely steady, the effect of the helm in the ordi- 
hary course of steering was quite noticeable on the gauge. » The 
_ slight wallowing at low speeds in even a moderate sea can thus 
have considerable nearly absent at higher 
speeds. 

Facility in the operation of the apparatus would be greatly 
improved by the use of an ordinary, steam engine. indicator 
connected to the oil space and used. in conjunction with a_res- 
ervoir of oil at a convenient pressure. A large number of in- 
stantaneous readings would then be obtainable in the conven- 
ient form of an automatic record, and clus! due to) nest and 
variable immersion could be eliminated, 

That large ‘thrusts can be. conveniently and. accurately 
measured. was demonstrated, and, in the case of geared turbine 
installations with Kingsbury thrusts on the forward end of the 
gear box, thrust is even easier and more to 
than I.H.P..or S:H.P, 

In addition to propeller and hull ‘fficiency, yg very oe 
sirable data, is. available from thrust: meter records, for) in- 
stance increase of resistance, due to.head wind and. weather, 
fouling of ship’s: bottom, the of in 
ing, stopping and turning, 

The writer his 46 the Bath. 
Works, Ltd., the builders of the Pruitt, for permission. 
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| 


. Piloting. vessels by means of cables energized by audio 
frequency currents is the result of the work of many, scientists. 
inventors and engineers, each having contributed some part. to 
the general ‘scheme, whereby it,is possible at this, date, to suc: 
cessfully apply system for piloting vessels. through 

erous channels during inclement weather...... ... 
Before entering into.a. discussion the: general details, 
this system, the writer takes the liberty of giving:a brief history 
af the: ‘evolution of the ‘This is result 


ments aden should it be proven later that there, 3 are other 
inventors who elaim. priority. .on, the hereinafter stated) inven- 
tions. The writer, therefore does, not, desire. to,.coyer.the 
system from a patent standpoint, but. only. desires. to bring,to 
the attention of those interested the technical details, and “aps 
of this new, aid to 


“GENERAL HISTORY. 


past. history of the evolution the, Audi 
Piloting System may be briefly stated.as follows:;.. 

Michael Faraday the of, electro 
magnélic induction. th 

Alexander: Bell's invention. of; re- 


ceiver in 1876. 


‘ "ePaper also to be presented before the Institute of Radio Engineers. 
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A. R. Sennett’s British patent, No. 13,415,.of 1892, which 
discloses means of maintaining communication with light ves- 
sels by use of a submerged cable from which signals were 
received on board lightship by means- eis a turn loop 
and telephone receivers, 

Charles A. Stevenson’s British Patent, No. 5,498, of 1892, 
which discloses means for navigating vessels over electrically 
energized cables and which shows the use of conduction prin-. 
ciple at the receiving end in connection with sensitive galvan- 
ometer for recording purposes. _ 

Robert B. Owens’ American patent, No. 736,432, of 1903, 
which shows’a combination of the Stevenson’s cable atid Sen- 
nett’s receiving’ apparatus in conjunction with 
of tilting receiving coils with respect to cable. 

~ Alexander Chessin’s British patent, No, 21,610, of 1912, 
which shows an improvement on Owens’ patent with reference 
to a means of mechanically tilting receiving coils. = | 

July, 1916, issue of “ Motor Boating,” and also the’ August, 
1916, issue of ‘ Popular Mechanics,” in which Earl C. Han- 
son discloses information on application of vacuum tube | 
amplifier to audio frequency circuits among which is the pro- 
posed use of such a system for piloting vessels through fogs. 

Earl C. Hanson’s American patent, No. 1,815,197, of 1919, 
which discloses application of vacuum to 
frequency receiving circuits. 

Further work on the application of the sits ‘to the 
Audio Piloting System has been, it is understood, undertaken 
by the English and German navies, but full details on this 
work are not known to the writer. 

‘Expert Radio Aid R. H. Marriott, of the Puget Sound Navy 

-Yard, conducted a series of interesting experiments at that 
place using the same circuits that Hanson had previously em- 
ployed. Marriott brought to the attention of the Navy Depart- 
ment the results of his tests, and partly through his efforts the 
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‘Navy Department decided to 

~ of the merits'of the system. 

ing outlined the previous we. will now 
svote our “attention to the experimental work undertaken by. 

‘the Bureau of Engineering, Navy Department, to determine 

e feasibility of developing and applying this aye HF 


NEW LONDON EXPERIMENTS. 
Upon receipt of orders, the writer proceeded to the Sub- 
marine Base, New London, Connecticut, on October 18, 1919. 
to conduct preliminary experiments. Arrangements were made 
io a sixty- foot sailing launch was placed at my disposal 
for experiments. A 5j250-foot length of 9,000 circular mil 
single conductor (Navy Standard) rubber, insulated cable was 
submerged in the channel of the Thames River from the Sub- 
marine Base to a point approximately 5,000 feet down the river.. 
The extreme end of this cable was grounded to a six-foot 
length of 14-inch galvanized iron-pipe-while the shore end of 
the cable was connected through a lamp bank of eight 32- 
candlepower carbon lamps to a 14-KW.,)500-cycle generator 
on board the submarine N-4, and grounded to the hull of the 
submarine, The. cable ‘was anchored ‘at 600-foot intervals 
“along the course, but due to the difficulty ‘experienced i in hand- 
ling the-sailing launch, this cable was not laid in a straight. 
course. - 
The receiying equipment consisted of two coils wound on 
a wooden frame four feet square; each coil having 240 turns 
of No, 20 s.c.c. copper wire, a double-pole, double-throw. 
switch and a type SE 1,600 Navy two-stage audio frequency 
amplifier, to which was connected standard telephone receivers, 
The double-pole double-throw switch made it possible to con- 
nect either, coil to the amplifier, and thereby compare the 
relative, received signal strength of the respective coils, A 
0025, mf. variable air condenser was connected in series, 5 with 
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the input terminals of the amplifier as shown in Fig. 1, with 
a view to tuning the circuit to resonance; but, due to: 1 agi 
RY 
both 
fil 
Fic. 1. 


inductance of the ¢oil, this was not is and the condenser 
was removed from the circuit. 

A current flow of 2.3 ampéres at 170 volts was ‘supplied to 
the submerged cable. The input watts as recorded on a watt- 
meter, indicated that the input in the cable was 145° ‘watts, 
ot a power factor of .37. The poor power f factor obtained 
was dtie to the fact that it was not convenient to obtain direct. 
leads from’ the generator without totally. dismantling the 
panel of the tadio set’ of which the generator was a part, and 
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therefore resort. was made to connecting the primary~of: the 
_ transformer in series with the cable; thus creating a’ predom- 
inance of inductance in the circuit with the resultant lagging 
power factor. The receiving apparatus was ‘installed: om: the 
sailing launch, one coil on one side’ and: the other coil,on' the 
opposite side of the launch, above the water line: The launch 
was then made to follow a zigzag course over the cable to 
note the relative signal strength as ‘received from the cable by 
the respective coils. It was noted that there was no shielding — 
effect between the two coils and resort was made tothe use of 
one coil. Using the single coil in the-vertical position, it was 
possible to tell within a distance of ten feet:the exact location 
of the cable:| The signal received from:the cable:was of: an 
audibility. in excess of 10,000: when) the Jaunch-was directly 
over the cable, and of: such intensity as:to make» it uncom fort- 
able to retain telephone receivers.on the observer's ears, while 
when moving away from the cable signal ‘strength rapidly 
diminished until it at aodistance 600 feet 
The: next: condjsted! of burning: the ‘coil: sat 
angles to the vertical plane to noté “whether; a pro- 
nounced maximum or minimum signal could be obtained: from 
the cable.. It was noted, as expected, that’a maximunp signal 
was obtained when the plane! of’ the coil was in line with the 
cable, and a minimum signal ‘was obtainéd: when the! was 
. at right angles to the plane of the cable. 
Tt. Having proved that the single coil cottld be used to advan- 
tage on wooden’ vessels, arrangements were made with’ 
Submarine Base, whereby the Submarine G+1 was detailed for - 
work to prove whether or not a shielding effect was present 
when steel hull was interposed between the coils, © 
The results of: experiments: conducted’ on the G-1 proved 
| that there was a shielding effect between the coils and by use - 
| of this effect the Commander of the G-1 could easily note’on 
which ‘side’ of the submarine ‘the cable. was ‘situated: The 
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stronger signal was always picked up by the coil nearer the 
' cable, while minimum signal was received by the coil which 
| was further from the cable. ‘The shielding effect was not as 
| pronounced as it should have been, but this was probably due 
to the poor shielding effect of the aapie aH and small con- 
ning tower of the G-1, 
On going down the river ani passing over of: cable; it 
was immediately noted that the submarine nad passed over the 
cable by the sudden decrease in signal strength. ‘This decrease 
' in signal strength was much more pronounced than the de- 
; crease noted when passing over and away from cable on a 
q course at right angles to cable. No difference ‘was noted in 
| signal strength when the submarine was at ‘different points 
; along cable, showing that the attenuation effect along the cable 
could be neglected from a practical operating standpoint. 
Having concluded necessary preliminary experiments at 
\ New London, the writer returned to Washington and recom- — 
mended to the Bureau of Engineering that this system be 
further investigated wherein resort could be made to the use 
of a vessel having steel hull with a high superstructure, and 
that experiments be conducted under conditions which would 
be representative of its future practical application. After 
consideration of the recommendations, the Bureau of Engin- 
eering decided that New York Harbor an ideal place 
to: complete the final experiments. | 


NEW YORK EXPERIMENTS. 


iTedobediately after the decision to conduct furthe: experi- 
ments at New York, the writer proceeded to the Navy Yard, 
( New York, and conferred with Commander R. F. McConnell, 
! and made arrangements, for the future experimental work. 
; The New York Yard then obtained the services of the Mine 
Planter Ord and laida cable from the Bay Ridge Naval Sta- 
tion to a point approximately 700. feet from the Ambrose 
Channel Lightvessel.. The cable referred to above consisted 
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of 2,000 feet of 9,000 c.m. leaded and armored cable, 2,000 feet 
of 9,000'c.m, lead-covered cable and83,000 feet of 9,000 c.m. 
rubber-insulated' Navy Standard cable. This cable was 
chored at 500-foot intervals with concrete anchors of; similar 
to shown ‘in 2, and was: those? as 


249 £3 


oe TO BE 
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GALVANIZED 


. Fic, 2. 
possible to the center of Ambrose Channel, The extreme end 
of the cable was grounded to a two-foot square copper plate 
while the shore end was connected through an inductance to 
a relay key which was actuated by an Omnigraph transmitter, 
and from this key connection was made to one terminal of a 
KW., 500-cycle generator; the other terminal of the gen- 


erator was grounded to a copper plate two feet square, which 
was submerged i in the bay. 
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The destroyer O’Brien was detailed to assist the New York 
Yard in this work and was equipped with two collector coils, 
four feet square, having 240 turns of No. 20 d.c.c, wire, one 


- coil suspended over one side of the vessel and the other coil 


over the opposite side. Leads from these ceils were led-to 
a double-pole, double-throw switch on the bridge, this switch 
being connected to a Type SE 1,600 two-stage audio frequency 


amplifier with the usual-telephone receivers. Leads from the | 


coils to the switch were run in leaded. and armored cable to 
prevent them picking up extra signal frof the cable and in- 
duction from’ship’s circuits... 

A current flow of seven was to cable. 
The O’Brien steered a course from Bay Ridge out the channel 
towards the lightvessel, but lost signals from the cable when 
passing a point 1,000 feet from the shore end. Upon noting 
that no current was being delivered tothe cable from the 
1,000-foot point to. the lightvessel, a sailing launch was ob- 
tained and the cable was under.run.and found to be broken 
at the 1,000-foot poiht;- “The broken. ‘S€ction of the cable was 
repaired, but on further investigation, ‘covering a period of 


’ three months, it was | found: that’ the cable had been broken in 


fifty-two different places, and:-was‘ef-no further use. This 
investigation was carried on during midwinter and was ex- 


tremely trying on the personnel engaged in’this work. It is 
believed the breaks in the cable were -caused - -byxstvain - put - 


upon same: while-being laid. 
During the period when mvesigstind "of the defects in the 


cable was being conducted, the New York Yard was requested 


to try ‘out different types of cable to note which type would be 
best suited for this system. This was the original idea when 
the three different sections of cable were incorporated in the 
first cable, but as it was not possible to obtain this informa- 
tion due to the defective nature of this cable, experiments 
were conducted in the N avy Yard to solve this problem, Three 
cables one of 9,000 c.m. leaded and armored, one lead covered 
9,000 c.m. and one rubber insulated 9,000 c.m. cable, each 
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having a length of 150 feet, were submerged. to the same depth 
in'the East River near Pier H, in the Navy Yard! Each: cable 
was grounded at one end to a copper plate and the other end 
was connected to. a 4-KW., 500-cycle generator. A current 
flow of one and one-half ampéres was supplied at different 
intervals to the three cables, and the audibility of signals as 
received by a 240-turn four-foot coil and a type» SE 1,600 
amplifier with the usual telephone and audibility meter, from 
the respective cables, was audibilities. 


wereas follows: 


The results of the above-mentioned tests being in harmony 
with the practical design of future cables, work was immedi- 
ately started on the design of a standard type cable. After 


net? MEDIUM DRAWN COPPER 
cable: Fig, 3. cable: of seven strands 


No. ‘16 tinned copper wire, layer of 80 per cent! Para’ rubber 
3/16+ineh' thick; one layer of ‘cambric; layer of jute*and an 


: 
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armor of No. 12 galvanized steel wire.’ ‘This cable was manu- 
factured by the Simplex Wire and Cable Co. of Boston. ‘The 
cable was delivered by motor truck to the Navy Yard, Boston; 
in four reels. The Coast Guard Cutter Pequot was detailed 
to lay the new cable in Ambrose ‘Channel and was at the Navy 
Yard, Boston, to receive this cable.» Upon arrival of the four 
reels at the Navy Yard, representatives of the cable’ company 
made the necessary cable splices so that it was stowed on board 
the Pequot in one continuous length. This procedure was of 
great help, as it eliminated the extra work and delay which 
would have: been encountered should splices be made during 
cable-laying operations. 

While the cable was being put on board the Pequot a special 
connection was made to the end of the cable. Fig. 4 shows a 


CONDUCTOR TQ_& 


BACK. 


BRASS : 
SOLDERED TO “OVER (RING AND 
CONDUCTOR 


sketch of this connection. The’ connection made between the 
internal conductor and the armor was forthe purpose of 
eliminating the grounding plate and the attendant mechanical 


and electrical difficulties encountered when using this plate: 
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It was figured theoretically that the low resistance offered by 
the large surface of the grounding plate (4 square feet) to the 
return current through salt water between the plate and the 
armor was approximately equal to resistance of the short 
length of the internal conductor (6 inches) as shown in Fig. 
4. The: brass cap covering the rubber insulation at end of wire 
was uséd to keep the salt water from seeping back into pa 
cable between rubber insulation and the wire. 

"The Pequot arrived at New York July 31, 1920. Three days 
were’ spent in underrunning the Western Union, Army and 
Police cables which cross the Narrows between Forts Hamilton 
and Wadsworth, after which operation the “Piloting” cable 
was placed under these cables. This was accomplished by 
hoisting up cables one by one and passing a 60-foot sailing 
launch with 2,000 feet of cable on board under the cables and 
then allowing cables to be released and’sink to bottom. After 
this operation ‘the sailing launch carried the-remainder of the 
cable ashore = placed: 500 feet of ‘aed on the: ee at Fort | 


‘When the shore end of the cable’ was secure, the Pequot” 
headed for the middle of the channel and on reaching’ this — 
point on the course a cable clamp (see Fig. 5) was placed on 
7 cable, and by means of shackles and 5/16 76h chains, an 
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atichor was made fast to cable and lowered over the side; From 


this pointsthe*Pequot' followed close to’ the: middle of ‘the 
channel as was possible on her way ‘out’ of the Ambrose :Chan- 


nel; passing tothe left’ of the entrance buoy and completing the 


_ work of laying the cable when ata point’1,900 yards from the 


Ambrose Lightvessel. ‘The cable'was anthored ‘at thé two 
turns and also ‘at the end as shown in Fig, 6.) ‘This’ cable, 
appfoximately 16 miles in ‘length; was laid:in a period six 

hours. ‘Upon completion of the cable laying, August 6; 1920, 
test was made to ascertain whether the cable was ‘in good con- 
dition, the result of which test showed that it was possible to 
obtain a current=flow of 3144 ampéres when using 400 volts 
be 500-cycle generator at Fort Lafayette. 
a power: ‘unit was installed at Fort Lafayette’ for this cable. 
This unit shown in the schematic diagram, Fig. 7, consisted of 


{20 y, 


a 2-H.P. 920-volt induction | motor ‘(the 


current tor same being supplied from a commercial source), 


which was connected by belt drive to a 1-KW. Navy’ ‘Standard, 


500-cycle, 120-volt motor generator. The generator ‘voltage 
was stepped | up to 400 volts by means of a transformer and the 
output of the transformer supplied direct to the cable. “An 
Omnigraph transmitter cnnected to a Navy. Standard’ relay 
key was used to send distinguishing signals into the cable. 
After. improving the ‘teceiving equipment, it was found that 
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che step-up transformer could be dispensed with, rape tel 
to a.certain extent the power unit. , (See Fig: 

The cable before being laid was found to have,an 
50.2 ohms at 500 cycles direct) current resistance! of 
50 ohms. The capacity of the cable measured at 800 cycles 
was 5.7 mfs... After laying 'the cable, it was found. that the 
impedan¢é of the cable circuit was 123, ohms.at 500 cycles, and 
thatithere was a lagging power factor, which: when measured 


was found to be .80, The of the cable 
was 


Fie, 8. | 


dopipleted the installation of the work 

* was started on the receiving apparatus. Three types of coils 
were constructed, one having 400 turns, one 600 turns, and the 
other 800 turns, wound on a wooden frame four feet square. 

~ These coils, with the exception of the 400-turn coil, were 
wound with No. 20, B. & S. gauge, d.c.c. copper wire. The 
400-turn coil ‘was wound with No. 24 wire, which size wire 
gave considerable trouble as it stretched easily. It was there- 
fore practically impossible to wind two coils with this wire and 
have them of the same resistance. It was imperative that 
both coils have the same resistance and therefore resort was 
made to rewinding the 400-turn coil with No, 20 wire which — 
gave very satisfactory results. The coils were layer wound 
and eee with beeswax and boiled linseed oil. _ 
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resistance of. as follows: tern 


box on the coil frame, from: which portable leads(leaded and 
q armored duplex cable) were led to a double-pole double-throw 
switch and from there to a type SE~1,000° two-step- -audio 
frequency amplifier and. the.Navy telephone receivers. 

The double-pole double-throw switch had to be redesigned 
so that it would at no time completely open the input circuit 
of the amplifier, as under such a condition the amplifier would 
howl and deafen the observer, A rotating switch was there- 
fore designed which when rotated made contact with one coil 
before disconnecting the other coil, 

Upon completing work on the receiving equipment, the 
U.S. S. Algorma, a large sea-going tug, was fitted out with 
the receiving equipment. The amplifier and switching device 
was installed in the pilot house and the collector coils were 
rigged out from the opposite sides of the vessel on a level with 
the upper deck and approximately amidships. In this condi- 
tion the coils were about’fifteen feet above the waterline. The 
coils were rigged on separate outriggers by use-of which the 
coils could be swung clear of the ship’s side in a vertical posi- 
1 tion to a maximum distance of six feet. 

When all circuits (transmitting and receiving) were found 
to be in perfect condition, the Algorma steamed out the Am- 
- brose Channel and conducted preliminary experiments on the 

system. During these experiments it was found that the steel 
hull of the Algorma hada very pronounced shielding effect on 


the respective coils, which was not’ noted during the’ New 
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London experiments, This: shielding» was such: that: it 

possible to easily note when approaching the cable sip ub 
location of the cable with respect to the vessel.’ When the 
vessel was directly over the cable a signal of ‘the saine audi- 


bility was received on each collector coil, while if ‘the vessel 


moved to the right or left of the cable the coil'nearer to the 
cable picked up the stronger signal, and the coil further from 
the cable picked up’a'signal of markedly less intensity...) 

Fig: 9 gives an idea of the ‘relative’ audibilities received: by 


tity IV } in 


=x 


cable. It. can be seen from this graph that the shielding of the 
hull of the vessel i is responsible for the big decrease in audibil- 
ity when vessel.is directly over cable, and, the tremendous, in- 


crease in audibility when, the yessel is ‘approximately 30 feet 


‘either side of the cable. Further explanation oy this point may 
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be had» by reference to Figures/10'arid 14; which’ show’ the 
apparent effect: of the electro-magnetic field ‘on the 
oT lvezay orlt to off} 


it od 


; 


bide is prondunced shielding effect was found to be very help- 
ful as by its use a vessel could keep the maximum signal in 
the port coil and steer a course which would always keep the 
vessel on the correct side of the channel. ae 
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noting the shielding’ effect, experiments \were:;con- 
ducted to ascertain the correct distance that the ‘coils should 
be from the side of the vessel. The results ofthese expéri- 
ments show that the coils should not, for a vessel of the 
Algorma type, be at a greater distance than three feet from the 
side of the vessel. Should this distance be exceeded the shield- 
ing effect of the hull would be annulled to a great extent. It 
was also discovered that tilting the coil at different angles to 
the vertical plane was b eficial with reference “to. — 

Before completing, 
Algorma tried varia 


day oad on the trip the 
fimefits in picking up signals from 
the cable, chief am was" to- approach. the ‘cable at 
right angles and note far away the: vessel could, be and 
still pick up signals | from the cable. ~ It was found that the 
cable could be picked up| at a distance of one hundred yards, 
and-by noting the graduat 
gator could easily tell that he was S approaching the cable on 
a course at right angle to the cable. 

Having determined certain major navigational features of | 
the cable on the first trip, the se made a second tirp on 
the following day. During the! return trip to the city, the 
pilot house of the Algorma was plat ed. off by means of shut- 
ters so that the navigating officer Duld: not. see daylight, but. 
by means of the receiving’ apparatu of the system, was able to 
bring the Algorma through eA rose’Channel without re- 
ceiving aid from any other ‘source. | \At\ no time 1 was the 
Algorma more than) 50 yards from\ the) cable, except at the 
30-degree turn; where the: officer: deviated ‘100° yards off “his 
course before settling on the new’course. When consideration 
is given to the fact that the navigating officer of the Algorma 
was.a perfect : stranger to the, system, haying only three hours’ 


: preliminary instruction, it is to be granted that this, new aid 


to navigation has ‘great, possibilities. 
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During the succeeding tests on board the Algorma, much 
information was obtained, chief among which may be given 
as follows :— 

‘A current flow of three ampéres into or 
a -water up to a depth of 200 feet. 

lector coil having 800 turns of ‘wire gave twice the audi- 
bility of 400-turn coil, which was to be expected. 

‘Important that coils’ ‘have identical electrical constants oF 
system will ‘not function properly. 

he use of tuned resonant receiving ‘ectits increased the 
ethiedey of system 1,000 per cent; under which condition cable 
be picked up at | 1,000 yards, either side of the cable, which’ 
irther 198 aan the-possibilities of i system for deep water 

Wh hen. a citing for de location of 
cable, the shielding effect of the steel hull of the ship blurs 
_-both maximum and minimunr signat récei ; there= 

- by-rendering this method inoperative, Fig. 12 shows ot of 
al strength plotted against position of to plane 
when vessel was 30 yards from cable, 


Very little difference was noted in received signal == 


when coil was submerged below the surface or \placed abov: 
“surfage of the water. “This is “very valuable info: 

h reference to future designs of coils and their location. _ 
se of the loud speaker was found to be impractical f 


the system as the minute energy received at a distance from 


cable will not actuate the diaphragm of loud speaker, and 
“TP when vessel was within forty yards of cable is it operative 
Present cable has high resistance ; use of larger internal con- 
ductor is. preferable. for. efficient operation... Present pow 
costs ten cents per hour, while the use of larger interhal 
ductor will reduce cost to five cents per hour. This 1 may 
accomplished by increase of 20 per cent over cost of present 


- cable, by purchase of new type cable. Should old type cable 


be used for future installations, which require 20 miles or 
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more of cable, a special 500-volt shobetiibue would have to be 
_ designed, while with the adoption of the larger cable the pres- 
ent Navy Standard motor generator unitsican be used. 

The impedance of the return’ path through salt water and 
earth is theoretically many thousand times less than the im- 
pedance of the return path through the armor, and therefore 
the major part of the current will return through the water, 
thereby creating a resultant magnetic field. It is thought that 
the effect of the’ 500-cycle current through the cable has a re- | 
straining effect on the return current path through water, | 
~ whereby it tends to converge this path close to the cable. This — 
assertion.is based on the fact that no stray current return paths | 
were noted, which would have been ~ case if — current | 
had been used to energize the cable. 

Present Connection at end of cable between con- 
ductor and-armor is apparently satisfactory, but I believe that 
the resistance of the return path through: earth, water and 
-_armog, may be greatly reduced by using special type ground- 
ing box, a tentative design of which is shown in Fig. 18. This 
box will offer more surface to water and earth, thereby reduc- 
ing resistance at, that part of the circuit, and also ‘will protect 
ty internal from ‘corrosion. 


at YORK DEMONSTRATIONS, | 


part of the-pretimtnaty work 
was completed at New York, arrangemenits were made whereby 
the destroyer Semmes was assigned for duty in corinection with 
the public demonstration of this system. The object of this — 
demonstration was to bring to the attention of the commercial — 
world the possibilities of this system ‘as-an importantaid 
navigation, especially for the navigation during 
foggy or stormy weather. aig \\ \ 

On October 6th to 9th, inclusive, 1920, deteabpi| were 
given to representatives of various radio companiés/ shipping 
interests, pilots’ associations, ‘bureats, naval 
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attachés:.and. others? interested in this:system.:; During these 
demortistrations the. various -representatives were | 
opportunity to) inspect the: dpparatus!.and personally: pilot” the 
vessel by means iof:this:systemy bel - 
Onveach day the: dethonstration,during the return: trip’ 
to either the: Pilots’ Association 
or steamship company, volunteered to pilot: the: Semmes 
through: the: Ambrose Channel; In order that the person ‘volun- 
teering this-duty could: better demonstrate the: workings of 
this systém,-the bridge was blanked with strips of canvas so 
that itowas impossible: for'the person to note which ‘direction 
the: ship was! being connéed:*»Four persons volunteered: for this 
work}. all being. able toi follow the ‘cable; and at ‘no time»were 
they more:than one:hundred:yatds from:the:cable. Satur- 
day, October 9th, 1920, Captain’ Battle; of the Cunard liner 
Virgilia, volunteered to pilot the Semmes back to’ port, and 
gave dri,.excellent demonstration: of: the! possibilities:;of the 
system.-Captain Battle was total: stranger to the system, 
but after alittle: coaching, ‘piloted’ the: Semmes’ with ‘such 
accuracy that he! kept the vessel ata distance of 50 yards from 
the| cable, 'andson the correct side:of!the channel. ‘This::was 
accomplished ‘by striving to keep the Semmes in such a: posi- 
tion so as to obtain a certain signal strength from! the port 
coil, which operation was entirely practicable. 

Captain Battle’s work shows the feasibility of the use of 
one’ cable,’ although’ certain persons preserit, technical ‘men, 
thought ‘that two tables would ‘be better,’ one cable to be ener- 
gized with '500-cy¢le cutrent, and the’ other’ with 1,000-cycle 
current, one cable to be used ‘for outgoing traffic and the other 
for incoming’ traffic: One? hundred “and ‘fifty’ persons were 
present’ ‘at these’ demonstrations, ‘and approximately ninety 
cerit’ were’ in favor of the ‘single cable: “All present were 
convinced ‘of the’ practical ‘possibilities of the” Audio’ Piloting 
Cable, and ‘had nothing but praise for 
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» Amongithe persons present, interested: in: the system, from 
a technical standpoint,’ were Messrs: F. Lowenstein, 
Alexanderson, G..H. Clark; Lewis, Curtiss and: 


Buckley. The writer had many interesting! discussions |with 


the | above-mentioned persons on the technical and practical 
details,.of the: system;! ‘discussions’ 
0}. be 1693 

Special effort ‘was the writer to obtain thd of 
numerous seafaring:men on the practical possibilities of the 
system. The majority of the persons interviewed said that the 
cable should be:laid. beyond:the lightvessel, to a) distance of at 
least five miles; at which place vessels: could make good use 
of the cable, and thereby pick up the Jlightvessel, the sight of 
which, would. serve psychological purpose of’ giving the 
navigator more faith, also'a shige 
to set anew course... 

The proposed to he ‘in using ‘the cable is is to 
pick up the cable:at sea and follow it to'the lightvessel, from 
which point, by. means of a stop watch, speed ¢hart:and the 
cable, it will be possible when making standard*speéds know 
when.the ship is approaching the turns in the channel,.and thus 
be doubly assured of, _— — the ship into the aye 


with the aural. receiving ‘but isa ‘demand for 
some kind. of.a visual device. which. will indicate. directly. the 
location, of, the cable.. Work i is now. being undertaken by. the 
New York Navy; Yard.on the design of such, 
are many. improvements to, be, made in the design and 
installation of; the coils, amplifiers, condensers and. 
devices, which, comprise the aural receiving, equipment... Work 
on this equipment is. being done by, the New, York, Navy ¥ard 
in order that Naval vessels can be supplied with this a 
ment. 
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- tis proposed to build:a power unit similar to Fig: 14, which 
will eliminate the use of theyOmnigraph transmitterand the 
relay; This unit: will consist of ‘a 4-H:P., 220-volt, 2.or 3 phase 
induction motot,) 2-KW. 250-volt;: 500-cycle generator, an 
exciter for supplying direct: current! ‘for generator: fields, and 
a signals into: the cable. 
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The generator or exciter field rheostats can be used ‘in oe 
of a seriés regulating device in' the ‘cable circuit, by tise’ 
which rheostat the current flow intd’the cable'can be 
~The cable for the New York Hatbor Wwitl'h ‘most likel y be taid 
to a point at feast 6 oné mile beyorid the lightvessel, from which 
point it’ will Uivide and’ be laid in northeasterly vuitherly 
directidhs, for''a’ distance of five thiles: “Such 
a ‘contibinati ion Of Cables ‘could take’ care of trafisatlantie ‘and 
‘bound traffic.” The ndrthéasterly’ cable 'bé ‘af 
additional safeguard to keep vessels from runnitig 4ground on 
Long Island. 
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The Bureau of: Lighthouses; Departmerit of Commerce! is 
now | co-operating: withsthe:Navy:| Department with: :aisview 
towards taking over the installation:and maintenanceof future 
cables.. At present the Superintendent’ of the Third Lighthouse 


District is! working» with ‘the Commandant of the Navy Yard, 


NewYork, in order toibecome: familiat with the system:and: 
also to assist in the installation of the permanent cable for the 
Arrangements are also being made at the International Com- 
munication Conference}-now i in session’ at-W lashington, where- 


by this.aid to navigation will be _internationalized adopted 
by all countries having a-seaport: 


The aural system in its present] statey8 a sticcess from a 
navigational standpoint. “Se4 afaring @ then age entirely in favor 
of immediately applying the syst navigating Vv 
through harbors during inclement weather. . f 

The installation of cable-in harbors 
little in comparison with other navigational aids, i.e.: Total 
cost of the proposed New York Harbor installation will not 
exceed $40,000.00, which is about equal to the cost of certain 
individual beacons and buoys now used in and about the New 
York Harbor... 

When vessels of the Cunard, White ‘Star and other. ea) 
ship | lines are detained outside of the, harbors, due te inclement 
weather, the hourly maintenance cost per vessel i is from $500, 00 
to $4,000.00. Figuring the, cost of receiving. equipment for 
the. Audio. Piloting, Cable. system at approximately $1,000.00 
per vessel, it can be seen that the equipment will pay for itself 
within a period « of a few. hours, ; It is, also thought that. the 
insurance ‘companies will give lower rates. to vessels fitted 
with, this, equipment, which, will be an, additional 
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The advantages of the system are numerous and open the 
way to greater safety at sea, especially when this system is 
used in connection with the present chain of U. S$. Naval Radio 
Compass Statioris/ / Vessels! wheit! approachirig’ the coast can 
obtain radio compass bearings and from these bearings hi 
a course ‘for the mouth ¢ of the harbor, at which place they wi 
pick up follow a course’ over ‘the ‘cable to the 
anchorage inside of the harbor. 

In concluding, the writer desires to mention names of the 
following persons who were responsible for the successful 
conclusion of the expetimental work on this’ new system :— 
Commander S.C. Hooper, U: Commander Mex 
Connell} Lieut: Comdr. He Loftiny U. S. 
Lieut. H! W? Kitchin, U. Nv; Ensign 
N. R. and’ Expert Radio Aid Harrison’). Lang: | 
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OIL; FOR "THE NAVY.» 


FROM ‘Appness By BY ‘Hon. JoserHus 
TARY OF THE, Navy, AT THE A. S. N, E, 
“DECEMBER 18, 


OHI TO 

which ‘is ‘best equipped) for an efficient merchant marine and 
Navy The time has passed/when a,coal burner can compete 
with an oil burner in commerce’ No’ coal: burner can) fight an 
oil burner on anything like,equal/terms. | Oil is the very;life of 
sea fighting. 

The late Admiral Fisher, of the British Nee declared in 
his autobiography, that— “ It’s criminal i” to allow another 
pound of coal on board a fighting ship.” He told the English 
people that they had an immense sure supply i in Canada, Persia, 
Mesopotamia and elsewhere. 

The first use of oil in fighting ships was in a gunboat in 
commission in the war between the States. On the 7th of 
March, 1913, just before the beginning of the larger naval 
program, the Navy asked the Interior Department for infor- 
mation as to the future supply of oil because of its importance 
in the policy of building oil-burning ships. The answer was 
that the Navy could “ rely upon the reserves already existing 
for a supply of fuel oil for a period greater than the life of 
any battleship to be constructed within the next decade.’ The 
great pre-war and war construction have been built exclusively | 
for burning oil. Of course, the great war drain upon America 


’ was not foreseen. “‘ The war was won on a sea of oil,” and : 
most of the oil for the allied fleets came from the United States 
and Mexico. Since the war the price has soared, because of 
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world demand for American oil, so high that at times in order 
to’ commandeer it. 
Other nations are: their. oil 
buying American: oili:’ We have been prodigal to the point,of 
injury to American interests on’ thesea. “We should conserve 
our own oil here’and obtain reserves in other’ countries. 
should have oil:storage wherever American naval or merchant 
ships touch. ‘This country:should not put an absolute embargo 
upon oil, but there is crying need for such restrictions as’ will 
not jeopardize the future needs of the Merchant Marine and 
the Navy. emergency an adequate supply of oil ‘for our 
fighting ships might turn the tide’of battle.. We in 
days: see to it that this supply 
- President Taft'and President Wilson set aside oil reserves 
for the Navy. For seven years it has been necessary forthe 
Navy Department to be vigilant to prevent the exploitation of 
these reserves by trespassers who had no legal ‘right ‘tothe 
oil set aside for naval use. ‘The long contest ‘ended ‘by legis- 
lation atthe last‘session' of Congress which. more than‘ recog- 
nized every ‘equity. I have been compelled to fight almost 
every day of my incumbency ‘in office to prevent the dummy 
entrymen and illegal operators: from taking the*naval reserve, 
the only: hope’ for the Navy ‘when the all too rapid use of 
American oil ‘will leave it: the only ‘available supply.’ | Naval 
needs are paramount. | Without oil our Navy would be like 
painted ships upon a painted ocean: The use of oil’in fighting 
ships increases naval ‘efficiency’ one-third: Its utilization’ has 
revolutionized naval warfare almost as much'as the ‘construc- 
tion of the Monitor, the big gun ship; and smokeless powder. 
If our Navy burned coal and another Navy burned oil the 
would be all on the’side of the oil burner,” 
' The United States produces sixty-one per cent of the world’s 
supply of: oil; we are consuming more than’ we produce, 
and: our imports: from Mexico this year will be 140,000,000 
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barrels. It is ;estimated: that all thei oi: will, be exhausted in 
seventeen) years. |This makesnit all}the more.important. for 
the Navy to conserve its oil reserves;»., Not :arweek: passes, but 
finds! pressure: ‘to lease oil reserves, and, the: demand for) turn- 
ing these teserves over to, present operations increases. The 
Navy: Department’ in answer; te all appeals; has.the answer; of 
John “I save just begun: to, fight,” 
future this demand will increase; andthe arguments will, be 
plausible, /but,it! has: cost too much-grim determination. to- hold 
on, to, them) for the! Navy, ito, “permit any. to, let, this: last 


resource: of the Navy tobe as\I.am,Seere- 


tary: of! the Navy, willonever | loss of ary 
portion the. Naval! Oil ‘Resenve,|;and::asidong as -I. livé.in 
public or private: life, will,continue' country) by - 
opposing’ the! well. organizéd) determination obtain. these 
What isthe present duty, of otiricountry ;with reference: to 
oil? :Itds, first.of all, to:recdgnize that, coal,and, water power 
should be more more. utilized on industrial; plants ashore 
and on: railroads, andthe, oil: held. for ocean. commerce, and 
the: Navy... If the future oil supply,isias smallias,many bélieve, 
why, should not:the Government control the distribution of; oil 
so as-to insurethat its merchant: shipsand:naival ships, practi- 
cally. all oil burners,; shall never be. found: impotent; because of 
the,only which:can insure their) superiority? La 
Wei have been wastefull of our! and 
water /power constitute! the: basis! of: national, prosperity and 
international, commerce| and, the -navaloperation: Has 
not time come when oil and, coal; and; water, power! shall 
be| nationalized, and their ownership and distribution ‘be regu- 
lated; for the good. of all,and not permitted to:be controlled by 
those who,:have |not been .free»from ‘profiteering ?-. I»beliéve 
that the,ownership,of God-créated. essentials: should belong to 
all, the people, that they. should, be used:for national needs, that 
private owners should. be. justly compensated;. but: that) steps 
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should taken by which wasteful production, sale 
abroad to the injury of America, and profiteering upon private 
and industrial consumers shall be ended. 

The; statesmanship of our day,jshquld redeem. the folly, of 
the earlier days when these prime necessities were left un- 
regulated to our lasting injury. Whether the Government 
shall buy ‘and* carty on production -of coal; ‘and ‘water 
power, or regulate theif ‘production,' distribution and price'is 
a question of pressing importance. Certainly Government 
cannot sit still and permit continued profiteering and waste! 
It must make a way or find one to guarantee to industry, our 
merchant; marine! the ‘Navy-anvadequate and continued 
supply lof :these| prime necessities: ‘Government ‘regulation of 


. the prive of:oil, coaland water power should become'as fixed — 


a government policy as regulation’of| railroads; express) and 
telegraph more important as to-coal'and 
oil because they are of limited supply and the world jis’ 
ened with the peril oftheir exhaustion. 
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"DEVELOPMENT OF ENGINEERING TALENT “IN 
‘THE NAVY. 


on 


to speak to this society, I fully appreciate that naval condi- 
tions are: likely to be misjudged by civilians, and that the — 
conditions of life in private employment are very different 
from those in the service of the Government. While I ‘have 
been in the Navy and have had much to do with it, my knowl- | 
edge is of civil life and of methods which are in pos dese ore 
not applicable to the Navy. 

My. associations have led me to think much about the sim- 
ilarities and differences of civil and military employments and 
to consider the extent to which the successful methods of one 
might be advantageously applied to the other. 

In such governmental work as that of the Navy, expendi- & 
tures, employments, and methods of procedure, are necessarily 
governed by law, authority is definite and orders must in most _ 
cases be obeyed, there is necessity for rotation in office which 
may: cause the personnel involved in the largest undertakings 
to be frequently shifted. A man to be a good naval officer 
must be a very good all-round man, and if he devotes himself 
to some particular undertaking for a long time he may dis- 
qualify himself for general advancement in the service. There 
are, of course, many exceptions to the limitations here sug- 
gested, but that they exist seems apparent to those who are — 
experienced in civil employments. 
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An civillife very great:authotity' is exercised by certain iindi- 
viduals;sometimes for very long periods-of years, but)influence 
and authority are constantly shifting, governed by. the force 
of the! individual and his general success.\; The:mainspring 
human efficiency lies.in the freedom of one individual to trust 
another. And) in civil life: authority is:based:more:upon such 
trust than upon any ‘definite assignment of men 
who fill positions of much: power-and influence are:-by no means 
good all-round men, although they may be invaluable in their 


_ particular line and in co-operation with the oe 


whe know their abilities: and: their limitations.:: 
The basis of Engineering is knowledge, our. 


times, ithe hasis of: success ini engineering is new knowledge. 


While accuracy, and: skill are important:the -whole history of 
engineering shows that the progressive spirit is more important 
and; that great, success lies, not’ in: doing more: work, but in 


finding. better: methods. | Humanity: has ‘powers ‘of! lavish 


production and when new and more direct — are’ — 
they willbe followed by multitudes., 
If-we would organize activities: ‘we 


_ must provide scope for the innovators, and fields.in which they 


can evolve the faculties of research and invention, because such 

The: Navy. is: dlepienident upon 
ont much. of its engineering requirement is radically different 
from, that applied. to other activities..:'The Navy:should not be 
satisfied’ to. simply use engineering knowledge» which: is devel- 
oped elsewhere... Many: of the Navy’s needs create’ a com- 
mercial demand which calls’ forth \the:best: efforts! of private 
concerns, while other: equally ‘important needs ‘may “be of! no 
possible, interest to outsiders, -In: fact, itimay»beba matter: of 
very direct interest of those outsiders: who ‘are: equipped ‘todo 
the Nayy’s' work to: avoid novelties: which may. introduce: un- 
certainty without affording prospect of increased profits». 
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namely; that of the Designing Engineers, and that-of the! Oper- 
ating Engineers:') The function ‘of ‘the’ latter: is! 'to keep | the 
wheels turning in the most economical manner possible ‘with 
the ‘facilities available. ~To attain ‘the best standards of suc- 
cess he; must have -knowledge, pluck and the 
‘navalvofficer ‘should ‘be ani engineer: of 
this kind arid it has:been a ‘matter of much pride and | satisfac- 
tion to mésto observe ‘whata lof our 

The requirements ‘of! a designing: engineer 


are different; he must have experienceof the! possibilities and 


dangers or must acquire it' forthe particular purpose which’ he 
has/in wiew:|oHis function ‘is to go justias deep asthe oceasion 
requires; whether to:do:so/requires‘one yearior'ten: His fatlares 
all smvolve financial ‘and scope generally 
dependent the! absence’ ‘Of expetisive” 

In many fields of activity the designing engineer canhot work 
effeetivelyalone,: but accomplish thei best results must! be 
-sutroimnded: by) experienced associates by” the 
men and:fadilitiés necessary The 
best calculations and mathematical studies|rélating»to engineer- 
ing can only be made expeditiously by men who are*cdrstantly 
doing such such specialists ‘shotild be 
men Of chiiracter andcimagination; working an atmosphere 
where theiritalents ar¢ thighty valued, not mere dridpes! work 
jing >for ‘shall salaries without "personal “appreciation! 
by men! Specifically dssigned 
tothe task,’ bit is -génerally’ self-imposed | in ‘possible 
with other activities:and:in the faceof more or léss/opposition’, 
thus to :produtesueh iwork it is desirable to icteate! the ‘atmos: 
gihere and;prepare:the field)’ This is: what haw been detiberately 
donesin such as the General’ Electric Research 
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thority in which they would be generally considered as safe 
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- ¢onsideration of: these: conditions Jeads ‘me! to ‘believe! that 
the)‘Navy> shouldbe» provided with three? facilities: which :it 
designed ‘scientifiei: and: mechanical 
research \and» stfficiently equipped sox thatodt:could | opetate 
efficiently: upon) naval’ problems! with such |dssistance as ‘could 
be obtained: from Navy: Yards and private concerns)! 
siumber of high'grademen whordesire to make 
engineering and: science: their | professiom and) who» might be 
available; for *service in ‘all departments of the: Navy» where 

3. A fund of considerable amount: inproportion:|to con- 


‘struction expenditures of the Navy. This fund to be available 
at the discretion of the Secretary of the Navy for research 


and development purposes only. 

My idea is that regular officers should still be used for most 
of the engineering work of the Navy in the research depart- 
ment as well as in others. The best engineers are those who 
have had much operating experience and a combination of 
practical officers with high grade engineering experts would 
be a happy one. 

In recruiting such a corps of engineers as I have peer 
it would be better to take men from the Navy or elsewhere 
who have had operating experience and who have shown 
aptitude for engineering. 

Of every hundred boys who are educated for engineering, 


‘only two or three become real engineers, although many go 


into activities more or less associated with engineering. For 
this reason it is not expedient to recruit an engineering corps 
exclusively from men whose only known qualification is that 
of scholastic attainment. 

One of the main advantages foreseen in the creation of such 
a permanent engineering group is that certain of its members _ 
would obtain through their work degrees of influence and au- — 


‘ 

4 
3 a 
‘ 
| 


68 DEVELOPMENT OF ENGINEERING TALENT IN THE NAVY. 


guides the beginning of large undertakings! and in the ap- 
proval of-expenditures.. They and other officers engaged in 
engineering should be encouraged to connect'themselves with 
engineering societies and to become:affiliated as much as pos- 
sible ,with engineers and scientists in civil: life... Their -pay 
should be reasonably good and:the conditions of their employ- 
ment should: be agreeable and dignified, they should not be 
debarred from sea service where might: be professionally 
advantageous to them, and I think that they might be made 
eligible to: hold high ranks inthe Navy in cases of particular 
fitness, although my idea is men not: 
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Note.—The attached index. includes, ithe principal 
articles of interest to marine engineers published’or reprinted 
in the JourRNAL oF THE SociETY oF 
February, 1918, to May, 1920. 


It was prepared for personal tise as a in 
connection with General Specifications for Machinery, U. S. 
Navy, and the main body therefore’ follows the grouping of 
General Specifications, Articles which could not, be properly 
listed thereunder are given under supplemental headings. Fol 
lowing each item is given the author and’ a tasted statement of 
the nature of the article. _, 


A -V_. General specification groupings. 

AA _ Miscellaneous apparatus. 

AC Engineering materials. 

AD Personnel, operation, training, testing... 

AE Shop practices, methods, etc. alniemt 

AF Vessels by classes. 

B-1 B-2 Boilers, 
B-3 fuel apparatus. 
C-1 . Condensers (and ejectors)._ : 
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Main propelling turbines. 
Electric propulsion. 
Shafts. 
Bearings. 
Propellers (propulsion: ‘and ‘ powering). 
E-6 E-7,_ Recip 
E-10 Gasoline engines. . 
Glass water and’ oil, 
F-8 Tools andequipment. 
F-11 Lubrication. 
G-2 Pumps, horizontal, feed, circulating and condensate. 
H-1 Forced draft blowers. 
Instruments and testing outfits. 
‘5 "Thermometers. © 
__ Refrigerating) apparatus... od nism oft 
P-i” “Piping and fittings. w 


Miscellaneous C. & R. and Ordnaiice’ apparatus!” 
Miscellaneous machinery. 

Fuel oil. 

Coal. 

Pulvenized coal. iG 

Materials (and corrosion). 

Non-ferrous métals. 

Non metals, 

Personnel. 

Training. 

Operation and arganization, 

Testing plants. 

Engineering societies. 

Forge shop, heat treating, ete. 


Jo 
pipes 
oct 
AA-2 
. AB-1 | 
7 AB-2 
: AB-3 
| 
AC-1 
AC-2 at 
AC-3 
AD-1 | 
AD-2 
AD-3 
AD4 1-H 
AD-5 
AE-1 
AE-2 ‘ 


TOPICAL’ INDEX, FEBRUARY, 


AE-4 Installation. 2tei 
AE-8 Design and room. vis 
AF Vessels, general, historical. _ 

AF-1 Battleships. 

AF-6 Destroyers, Eagles, etc. LOS eyed 
AF-8 Merchant vessels. 


Firebrick Melting Points—“ Power.” Datai’ February, 

Heat) Balance® in Steam Boilers!’ ‘Le Marks. Design. 
1913. Page 114. 

oFuel:Gas Analysis:and its Advantages. A. E. Discusion Fe- 
ruary, 1914. Page 283. 

Working up’ a Boiler Test. °F. Lows Test.’ 1914. Pike! 612. 

Test of a Newport News ‘Water-Tube: Deserip- 
tion.» Test. Novernber, 1914): Page 1136.) 

Yarrow Patent Water Tube Boiler. “ Steamship.” Desi -Novem- 
ber, 1914. Page 1385 ve 

Boiler Tubes. D. J. ‘McAdam. Tests, “May, 1915. Page 461. 

Firing «and! Combustion. of Soft: Coal’ Under Naval: Boilers: L De 


Baufre. Operation. May, 1916. Page 453. a 
“Test of Ward Boiler (Oil’ 
Test. May, 1916. Page 516. 


Marine Steam Boilers and Boiler Room 
scription, Discussion. August, 1916. Page 746. 

‘Strength°of Boiler Furnaces. J. Airey.” ovestigation, Design. 
1916. Page 729. 
oStrength’ of Boiler’ Furnaces, ‘H. J. Vander Eb, ‘Discussion: 


ary, 1917. Page 114. OF: 
Recorders and Their Value. V. J. Abe. 
1917. ‘Page 177. 


Boiler ‘Tube Scale; Its Removal ‘with as’ Practiced ate Fuel 
Oil Test. Plant. A. M. Penn. Operation. August, 1918,'Page’312.''' 
Chart for Staying Flat Surface! of Boilers. According to’Lloyds Rules 
A. F. Menzies. Design. August, 1918. Page 614. 

Standard Water Tube Boilers for United: States: Emergency Weeder 
Steamships—“ Int. Mar. Eng.” Description. August; 1918. Page 666)" 


eo 
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Plastic Refractory Boiler Baffles—“ Power.” 
August, 19f8. Page 644. slisteal 

Feeding and Circulating the Water in Steam Boilers. a Watson. Dis 
cussion. November, 1918. Page 834. 

Oil Fuel and Boiler Efficiency—-“ Shipbuilding” Febru+ 
ary, 1920. Page 178. gebisth bas mgiesd 

Firebrick Melting Points— Power.” Data. February,'1913. Page 113 

Oil Burning. J. J. Hyland. May, 
Page 399. 2 rites 


Oil Fuel for the Navy—“ Marine Engineer.” Discussion August, 10 
Page 965. ingots! 
The Pneumercator. H. B. Gregory. Pogo die’ 
Oil Burning. A. M. R. Allen. Operation. November, 1915. Page 969.. 
Some Experiments in Natural Draft‘ Oil Burning. L. R. Ford. De 
scription; Operation, August, 1916. Page 641.600 


aT 


Oil, Fuel... Peabody.) ‘Description, | Test November, 
1916, ‘Page 932. 

Plastic, Refractory. Boiler Baffles—“ Power.” | 
August, 1918. Page 644. 1607 

Oil, Fuel Installations :in Passenger “Board of Trade’ 
Modified Rules 1919. November, 1919. . Page. 939. 


Oil Fuel and Boiler Shipbuilding” Bebe 


C-1 CONDENSERS (AND AIR 


Condensation; D. B. Morison, “Investigation. 
February, 1913. Page 1. 


A Theory of, ‘Surface: Condensation, We Weir, Discussion. May, 1913. 
Page 300. 

The Corrosion of ;Distilling: Tubes. Philip. Investig: 
tion. May, 1913. Page 302... 

Corrosion of Condenser. Tubes.» D. “Investigation, Test. 
November, 1913. Page 707. are! 

Condensers. H: Fothergill.. Discussion,’ November, Page 
746. 

/Rates.of Heat Transmission |(Condenser)—‘ "gineering." Anvestign- 
tion. February, 1914, Page 276. ang! 

The: Protection ink. Tubes+-" Diseussion,, February, 
1914.» ‘Page 311.006) 

The Breguet, Ejectair. Deleporte, May, 1014 
Page 383. 

_ Failure of Condenser Tubes, Ie vestigation. “Maye 1914. 
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Cofldenser Heat Interchanges—" Shipbuilding.” Discussion November, 


Small Condensing, Turbines. We London: Disens- 
sion. May, 1915, Page 478 nin 


Cleaning of Condenser Dessrintion. Page 
6 


"Now va Vacuum: ‘Apparatus, (Westinghouse Leblanc). ‘Fes 
ruary,,1916,;, Page 247.5... gnidus'l mg 

Vacuum and Its Effect on Steam Turbines—" Shipbuilding” Discus: 
sic February, 1916. Page 301. 

erformance and Design of High Vacuum Surface Condensers, ‘S H. 

Gibson. Inyestigation, Design, May, 1916, Page 550, 

Standard Condenser Tube Data. C. F, Braun. Design, Tables. May, 
1917,, Page 344. 

Condenser Tube Ww. Tavestigation... “November, 
1917, Page 785. 

Condenser Tube We, Sterling, 
tigations... February,. 1918, Page 99, 

The Simplex Patent Salt Protector—" Shipbuilding,” “Deserintion Feb; 
Tuary, 1918, ‘Page 136... 

Recent Developments. in. Air. Pump ‘Design, E, “Jones. 
Tests. February, 1918. Page 166. 

Typical, Cases of Deterioration of Muntz Metal. by. ‘Selective 
sion—* Bureau of Standards.” Discussion. August, 1918... Page 607... 

Surface Defects of Condenser Tubes Causing, Corrosion, R. Web- 
ster. Discussion. August, 1918. Page 672. RY, 

Causes of Impaired Turbine, Economy, x, Dahistran, Discussion. 
: February, 1919. Page 221. 


,.The Corrosion of Condenser Tubes—* The 
May, 1920. "Page 342, Gan 


Marine Feed Water, Heating. H.C. Dinger. Discussion, Deseriatin 
February, 1914, Page 
Feed Heating—“ Power.” Investigation, Pest. “August, 1914, "Page 961. 
Heat, Transmission, and Tube Length in. Marine Feed Water Heaters. 
L. Loeb. Investigation, Design, Tests. May, 1915. Page BID i wctas 
Feed Water Heating. T.J,,Rogers. Discussion, May, 1917. Page. 394. 


Performance and Design. of Surface, Feed, Water, Heaters., Me if 
Stuart. Design, Test. August, 1917. Page 503. 
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Propelling Machinery of U. Ss. Battleships. E. H. B. ‘Anderton. a 
scription, ‘Discussion: Febrtiary, 1918. 


Westinghouse Marine Equi ent Power.” __ Description. August, 
1984, Page 933°" 


Maintenance of Turbine ,Revord.  Opera- 
tion. November, 1914. Page i378)” unites 2 iq 


Steam Turbine Blade Fastenings, J. A. Capstaff,’’ 


OF 
Vacuum and Its Effect’6n Steam Turbines" 
sion. February, i916, Page'3or. 
Erosive Effect of Steam on Turbine Blading Material, 
Tests.” ‘November; 1916! Page’ 
Forced Lubrication for Marine Turbines—* Engineering” Discussion. 


Mechanical Difficulties in the Evolution of ‘Steam Rnginder- 
ing.” Discussion. May, 1917, Page 


Westinghouse Geared Turbine -Propelling Machinery for. Swedish Bat-., 
tleships Gustav V ‘and’ Drottning Victoria. Ww. Ww. Smith. Descriptive. 
August, 1917. Page 415. 

“Deteriofation of. ‘Turbine Biading. “A AL Investigation, ‘De- 
scription. ‘August, ‘1917. Page 539. 
“Tosi ‘Matine Steam ‘Marine ‘Desitiptive. 
May, 1918. Page 374. 
“The Balancing of ‘Heavy Hows? Me Ww. Operation, Design 
Bibliography. August, 1918. Page 518. : i 
‘Stresses in Turbine Blading. G. ‘Stoney. ‘Design. 1918, 
(599. 

2500 H. P. Rateau Marine Geared, Turbines—“ The Engineer.” Descrip- 
tive, Design. November, 1918. Page 842. 

Progress in Turbine Ship Propulsion. Hodgkinson.’ Historical,’ De- 
sign, Operation (principally | gears: and. Westinghouse: Turbines): “Febri- 
ary, 1919. Page 193, tt 

February, 1919 1919. "Page 221: 

“The Passing Direct, ‘Connected’ for’ ‘the “of 


Ships. ody Dysofi.’’ Historical, Descriptive, Desigit. Auguit, t, i919, 
Page 555. £06 aga Ral tisute 


Friction Clutch and Operating Gear for Cruising Engines arid ‘Tur- 


TOPICAL INDEX, FEBRUARY, 1918—MAY, 15 


Superheated Steam ‘Discussion: 
ary, 1920. Page 178. 

» Propelling Machinery of: U.: S.' Battleships. H. B. Anderson. De- 
scriptive, Discussion. February, 1913. 
‘Electrically Driven Cargo Vessel Tyneniount. Coleman. Desir 
tion. November, 1913. Page 758. ‘ 

‘Operation ‘and Trials of Fleet ‘Collier Jupiter. ‘SM, 
Description; Trial; Operation.’ May) 1914:"'Page 339. 

- Gearing and Electric Drive: Discussion: May, 
February; 1915: Page 54 Stade. to 

Application of Electric Propulsion to Battleships! ‘Robirison! 
Discussion: February,’ 1915." Page 199) 

Electric Ship Propulsion—“ Power.” Discussion. May, 1915. “Pigensdl 

Turbo-Electric Propulsion—“ Shipping.” ” Discussion. February, 1916. 
Page 230. 

-: Some! Comparisons: Relating to: Electric: Propulsion of » Battleship 
(California). W.1L.°R. Emmet. Discussion. February, 1916. Page 231, 

The Lungstrom’ "Purbo-electric Ship Propulsion Engineer 
ing.” Description, Design. ‘November, 1918. 

Electric Propelling Machinery for the Battleship Tennessee. . 
Drive for Merchant Stipe. W. L. Discussion May, 

S. S. New: Mexico. Descriptibdl tnd: Oficial Trials 98. Robin. 
soh. 1919.’ d 

The of the Direct Connected: Turbirie | for the Propuléion: 
Ships. W: ‘Dysoni: ‘Historical, ‘Descriptive, Design! August; 

Investigation of *Water-Air ‘Radiators Céoling: Sad 
Motors. H. G. Reist. Investigation, Design. May, 1920. Page 224. 

Years of’ Electric Propulsion on: the New Inge Marine 
Eng” 1920. Page AME 

ich Tests. May, 1913, Page 241. 

An Analysis of Crankshaft K: bids Najder. Design. August, 
1913. 494, 


76 TOPICAL INDEX, FEBRUARY, 1918—MAY; 1920, 


_ Stréesses:in» Marine Engine Shafting. » Novem- 
bap, 1913. Page 563. Lars 

Report of Metallographic Physical Tests of Broken ‘Cunt. P. J. 

_McAdam, Test. February, 1914. Page 

of: Fatigue Applied to ‘Crankshaft -Stromeyer. 

U..S<S. Tacoma, Propeller. Shaft. Di Je. McAdam. Test. 
May, 1915, Page 465. 

Investigation of Shafting Failures and Vibration. on. ot 
the Louisiana Class. E. N. Janson and. J. 0, ts 
Design. February, 1917. Paget, 

Problems of Crankshaft Design. O.M. Burkhardt. Design 
gation...May, 1918. Page 387,., 

Optical Method of Shaft Alignment. W. Nomi. Deserve, 
ruary, 1919. Page 56. 

Propeller Shafting— Shipbuilding” 


Temperature Tests on M. Bennett. “Tests. 
gust, 1913. Page 480... W 

‘Method of Closing Pores in Hollow: We Bartlett. ‘De 
scriptive. February, 1914. Page 67. 

Method of Grinding in and Dressing up. Ditndged Thrust: Bearing: nL 
C. Dinger. Description. February, 1914. Page 71. a 

Friction in Bearings. Discussion.» May, 1914... Page 610... ‘ rr 

627. 

High Goud Bearings. Stoney. ‘Discussion. November, 
1342. 
Babbitt Its Applications" Electric Journal” Deseraion, Dis 
cussion. ‘November, 1914. Page 1360. oat] 

Combined Bearing and:‘ Michell Thrust Block De 
scription; Test. May, 1916... Page 585... 1 

Lubricating Bearings. W. D. Forbes, Discussion. Ne 
vember, 1916. Page 1018. 

>» Design of Oil Ring. Bearings: Design. May, 
1917. Page 367. 

‘Bearing. Lubrication. B Me Green. Invetigation, May, 1917. . Page 

The Michell Thrust Block. Gibson. May, 1017. 
Page 405. 

Notes on Turbine’ and ‘Their: Bromley. 
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Ww. Dyson,” “Tnvestigation and ay, 


‘#913. Page'169. 

* Transmission of the Propulsive, Power in ‘Ships. E N. Janson. Dis- 
‘cussion, ‘Trials. February, 1914, Page 213. . 

Destroyer Operating Under One Propeller. Compilation. 
Operation. May, 1914. Page 354. 

Hull Efficiency—“ Shipbuilding.” Discussion. May, 1914. Page 592, 

Problems in Screw. Propulsion... C. W. Dyson. Investigation, Design. 
November, 1914. Page 1045. 

Possible Application of the Drzewiecki Method to the Design of Water 
Propellers. H. E. Roséell. Discussion. May, 1915. Page 365, 

A Contribution to the Theory of Propulsion and the Screw Propeller. 
F. W. Lanchester. Discussion. May, 1915. Page 509. © 

‘A Comparison Between the Results of Propeller Experiments i in Air 
and Water. A. W. Johns. Discussion. May, 1915. Page 513, i Ey 

“Triple and Quadruple Screws— Shipbuilding.” Discussion. August, 
1915. Page 686. 

“The Mystery of the Screw Propeller. C. W. Dyson. Design. Novem- 

1915. Page 743. 

rei: Backing and Turning of ‘Ships. S. M. Robinson. Investiga- 
tion, Trials. February, 1916. Page 58. 

Variation of Frictional Resistance.of Ships with Condition of Wetted 
Surfaces, W. McEntee. Investigation. February, 1916. Page 311... 

‘Ship Calculation, Resistance -and Propulsion—" Shipbuilding.” ” Discus- 
sion. February, 1916. Page 314. 

“Tables and Curves for Solution of Propeller Problems. Ss. M, Robin- 
son. Design. November, 1916. Page 805. 

Aeronautical Propellers. S. Heath. Description, August, 
1917. Page 480, 


“ Some Experiments on ‘the Influence of Running Balance of Propellers 


on the Vibration of Ships.” J. King-Salter. Investigation. August, 
1917. Page 562. 

Power Loss in Screw Propellers Due to Rough Surface. w. ‘McEntee. 
Discussion. November, 1917. Page 795. 

Air Propeller Performance and Design by ‘the Specific Speed. Method. 
Stuart. Design, Tests. May, 1918. Page 315. 
Propeller Manufacture. Holmes. Descriptive. “May, 1918. 

Cargo-ship Lines of Simple Form. W. McEntee. Design, Tests. May, 
4918. Page 410.“ 

Design of Water Propellers by the Specific Speed Method. c F, Gross. 
Design. August, 1918. Page 534. 

Screw Propellers. C. W. Dy Design. November, 1918.” “Page 753. 
Speed; Dimensions and Form of Cargo Vessels. G.'S. and L. 
Kent. Technical, Design. May, 1919. Page 494. 
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Investigation. Into the: Causes of Corrosion. orErosion of 
C. A, Parsons and S. ¢, Cook, Research, May, Pa 6. 
“Propeller Data from S. S$. New Mexico’s Trials. 

D ign data, Trials. A t, 1919. Page 598. « 
Propellers for Low Merchant Ss. obi 

sign. May, 1920. 37. 

May, 1920, 326., 


The of Using, High Mean Referred 
Bragg. Investigation.. February, 1913. Page 
The Desirability of, Using. Mean Referred Pressure 
‘ger. Discussion. “May, 1914. Page 


Stresses in Steam Balanced Valve ss tayo on. 
November, ‘91d. “thing 1165. 


a 


“Page 129 


The he, Oi ‘Consumption and. of Diesel 


Royds. “Design, Tests. “May, 1913. 
‘De August 


Shane scription. st, 1913. 


Page 20, 
vy Of gine. Mari ine ng” Deserie- 
Page 1327, 


or Cylinder bbrication. nvest gation, | Ke bryary, 


Th 25 T 26 
Oi Junge?” est. February 
1915, Page 4 ett yd 2 

1915. 706. A (7 

A ge 
and, Siti’ Pistons 'on_ Engines. 


vestigation, scussion. “August, ‘19 15, Page 716 
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scription. November, 1915. Page 794. 
)Four Stroke: iCyete Diesel Engine: Davion. 
Discussion. November, 1915. Page 1019) 
-»Propulsive: Machinery: for: — Besting ‘Disétiption, 
cussion, February, 1916. Page 177. 
« McIntosh-Seymour Diesel’ Engine. ‘February, 
The Subriarine. Power Plant: ‘A ‘Diseussion.» Feb- 
ruary, 1916. Page 286. OSer 
-May,! 1916): Page 487. sil 
The Present Position of the Marine Diesel: Engite! Possibili- 
ties. W. P. Sillince. Discussion. May, 1916. Page 560. 
Oil Engines.’ ‘Wideler: “ Discussion,‘ Atigust, 1916.” Page 779. 
The, Designof;:an;Oil Engine, Wentworth, Fetiru- 
ary, 1917. Page 159. 44 
_. Lubrication of Diesel, Engines; Vickers; Discussion: :May,:1917. 
, Six Years Development ofthe! Werkspoos. ‘Marine-Diesel O. 
Lisle. Description. August, 1917. Page 579. ead oye 
Ameri¢an, Marine Diesel | Engitte -Installation: Rrovesi Suctéss- 
ful (Maumee)— Engineering.” Discussion. Atgust; 1917.1) Page 
de “Reliability, of; Lange Diesel Engine: “Driven, Vesgels; Showm by, Perform- 
ance of Motorship Sebastian—“Marine Engineering.” Discussion. » Au- 
By Rushmore, Bibliography. August Page 
sant bret 
jot Submarine Diesel. ., Shersian. 
Beatdmere Marine Engineering”, Febru- 
ary, 1918. Page 146. © 020 ogeT 
Development; of, the ‘Diesel Heavy Engine: inthe 
United States. G. A. Colley. Discussion. :Mayy4918.<i\Pagez8%@/ oi? 
Heavy, Oil Engine. Bo Augudt 91018!» Page 
571, COE 
Internal’ Combustion Engine, Lubsication asd 
radson. General Discussion. .: Februdty, 1919. -Page!182. 
Tosi- Diesel: Engines‘ Engineeritig.’’ » Descriptive,! 
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February, 1919. Page 247. 
Two vs. Four Cycle Internal: Combustion: Marine Engines. Chiesa 
Description, Tests. February, 1919. Page 
Notes on Operation ‘of. Submarine’ Diesel | B Ce Sherman. 
‘Descriptive. August, 1919. Page 615. 
Heavy Oil. Engines for; British Submarine Boats—" Engineering” ‘De 
‘eeriptive, Design. August, 1919. Page 661, 
German Submarine! H. T. Smith.. Deseriptive.- November, 
1919. Page 775. res 
‘The Development of the Internal Combustion Engine. . Baxter. 
cussion, Design. February, 1920. Page 185. as ut 
Diesel-Engine Castings. F'. J. Cook. Discussion. - May; 1920. Page'330. 
Internal Combustion Investigation, Materi- 
als. May, 1920... Page.834...0 


SPEED REDUCTIO oN AND FLEXIBLE COUPLINGS. 
sui Propelling Machinery of U.S. Battleships: E. H. B. “Anderson. 
scriptive, Discussion. February, 1913. Page 81. mt 

Cruising Element in’ Warship Machinery—“ Engineering.” Dis- 
cussion. August, 1913. Page 462. 

Friction Clutch and Operating Gears for Cruising Engines and Twr- 
bines. J. F. Metten. Description. February, 1914. Page 206.9 
Page 563. 
“Fottinger: Hydraulic ‘Transformer Engineering” Discusion. 
Geared Turbines—“ Moniteur.” August 1914, Page 928. 
Westinghouse Power?" Deseription. ‘August, 
-1914.. Page 933. 
The Development of Mechanical Sensiiiy for Matine Turbine Machin- 
ery. E. B. Anderson. ‘Historical, Descriptive, Discussion. ‘November, 
1914. Page 1365. 
“Geared Turbines for ‘Propelling Vessels. W. Investigation, 
Description, Tests. November, 1914, Page 1368. . 
Geared: Marine Steam ‘Turbines. J. H. Gibson, “Deseription Dikeus- 
sion. August, 1915. Page 689. 
Reduction Gears ‘the ‘Marine Eng 
oo High Speed: Reduction’ Gears—“ Engineering.” November 
1915. Page 1034. 
«Application of Gearing for Transmitting Power— Desetin 
of: Geared. “Turbine Propelling) Machinery on Freight ‘Steamer 
“Int. Marine Eng.” Trials. May, 1916, Page 
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Alquist Gearing for Ship’ Propulsion: W. 1. R. Emmet. Description, 
Discussion. February, 1917, Page 183. , 
Westinghouse Geared Turbine Propelling Machinery. for Swedish Bat- 
tleships Gustev. Vand Victoria. W. Smith, 
August, 1917, 416. 


J. McAlpine. Historical, November, 
1917. Page 792. 

Reducing Speeds Magnetically—“ Scientific American.” Description. 
February, 1918. Page 137. 


Tosi Marine Steam Turbines—“ Marine Engineering.” Desesiption. 
May, 1918. Page 374. 


Gants: J. A. Davies. Descriptive, Design, Oper- 
ation. November, 1918. Page 705. 

-2500,H. P. Rateau Marine. Geared Turbines—“ The Engineer.” De- 
scriptive, Design. November, 1918. Page 842. 

Dynamics of Gear Drive, N. W. Akimoff.. Research, Design. 
ary, 1919. Page 46. 

_ Progress in Turbine Ship: Propulsion. F. Hodgkinson. Historical, crm 
sign, Operation (principally gears and Westinghouse Turbines). bbe ic 
ary, 1919. Page 193... 

Terry Reduction Gears. May, 1919, 

The Passing of the Direct Connected Turbine for the Propulsion of 
Ships. C. W. Dyson. Historical, Descriptive, Design. August, 1919. 
of Turbines for the Propulsion of Ships. Rd, 
Walker. Descriptive. November, 1919. Page 922. 

‘Experience and Practice in Mechanical Reduction Gears in “Warships, 
H. B. Tostevin, Description, Discussion, Design. May, 1920. Page 383. 


58 E-10 GASOLINE ENGINES. 


‘lean 0. Investigation. November, 1916, Page 828, 
The Development of the Internal, Engine. Dit: 
cussion, Design, February, 1920... Page 185. 


GLASS WATER AND OIL, GAUGES. 


gust, 1918, Page: 547. iv 

Water Gauges on Marine Boilers. M. MeRobert 
Operation: ‘November, 1918. ‘Page 


Deseription of Repair Plant of the U. S. S.. 4 Conny 


Description, Operation, February, ‘1915. Page 107. 
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Tests on Journal Bearings. A. Bennett. Tests. 
The’ Effect of Oils “in Forced “Lubrication 
Bryan. Investigation, Tests. May, 1914. Page 

‘Graphite’ Lubrication Shipbuilding”” Description. “May, 1914! 
627. 

Pests Of Filtered “Oil Mechanical. World.””” Tests! 
Page 966. 

Oils ‘for Different Uses (Lubrication) “Power.” Discussion 
ber, 1914. Page 1320. a6 aids 

“Motor Cylinder Lubrication. S> “Bryan. 
1915, Page 83. 

“Testing Lubricating Oils. A. Gill. _ Description; Discussion, 
May, 1915. Page 498. ‘ 

Good ‘and ‘Bad Lubricants. 6 B Barham, Diseussion: _ August, 
P age 694. 

Page 822. 

Forced” Feed Lubrication Aboard Eng” Discus 
sion. February, 4916." ‘Page 308. 

Fractional Distillation of Lubricating, Oils, I. 6. O'Neill Desetption, 
Tests. May, 1916. Page 465. 

Viscosity and Its ‘Relation’ to Value. ‘A. E. Flowers.” 
cussion, Investigation, May, 1916. Page 597. 

Lubricating Oils, L Kauffmann. . Tests, August, 

The Properties of Oils and ‘Their Relation 1 to ‘Lubrication. GP B ‘Up- 
ton, Investigation. August, 1916. Page 789. 

Lubricating Bearings. W. D. Forbes. Description, Blscaitaet° Novem- 
ber, 1916. Page 1018. 

Straight Mineral Oil versus Compounded Oil for the Bearings of Ma- 
rine Engines Not Having Forted Lubtication.” 
tigation, Tests. February,’ 1917. ‘Page 48." 

Forced Lubrication for Marine Discussion 
February, 1917, Page 180. 

Navy Lubricants and Lubrication. ‘Winston. 

Performance of Lubricating M. Stuart “Investigation, 
Tests. May, 1917. Page 300. onits no: 

Examination of Oils from the ‘Atlantic Fleet! Betord: neds After Js 
G. O’Neill.. Tests. - May, 1917. Page 325. 

Tests of Coolers for Lubricating Tests, 
tions! "May,' 1917. ‘Pagel 339.2) 

Lubrication of Dieset Engines. G. B, Vickers; "May, 1917, 
Page 354. 
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Bearing Lubrication. Green. Investigation: May,;:1917. Page 397. 

1917, Page 409. 3 

August, 1917. Page 443. 

Lubricant Testing. G. J. Meyers. ‘Description, Discussion, Tests. No- 

Notes on Turbine Bearings and Their H. 
Descriptive} Discussion; | August, 1918. Page 616) 
-»Mutltiwhirl Oil ‘Cooler— Power.” November, 918, Page 
862. 

-Lubricatiom and: Rowand. Deseitive, Test. Feb- 
ruary, 1919. Page 97. 

Internal Combustion Engine Lubrication and Lubricants, Conrad 
son. General Discussion, February, 1919. Page ‘182. 

The “Dex” Oil Comer" ‘Rebruary 
Page 227. 

Diseases Produced by Lubricants. Diseussion) February; 1919, Page 256. 

tive. August, 1919. Page 739. 

Liberty Engine Oil. ‘Parish. _ Investigation. _ ‘February, 1920. 

PUMPS, RECIPROCATING 

Test of Warren Vertical Single Boiter' Feed 

High Vacuum Reciprocating Air Engineer.” Diseusion 
February, 1915. Page! 216. isi at 

Notes on Pumps. Robinson, “Operation. November, 1918.) 

Feed Pump Valves. A supe _Diseusson, Design. Mey, 

Recent in Air Pump Design. me Jones Description, 

Tests. ‘February, 1918: ‘Page 166." 


: oe PUMPS, HORIZONTAL FEED CIRCULATING AND CONDENSATE. 


Five Stage Centrifugal /Pump— The Engineer.” 
1944, Page 619. To tts 

Providence Centrifugal Pump Power” “Description: 

Notes on the Titbine A? ‘Be 
scription, Design. Page 626 ibtabns 

Characteristics and Specific Speeds of’ Centrifiagal Hecks 
ler. Investigation, Design, Tests. ‘November, 1917. to, teal 
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Tests of Main Circulating Pumps of North Dakota and Nevada, 'S. M. 
Robinson: Description, Tests. February, 1918. ‘Page 23, 

Tests of Main Circulating Pump of U. S. S. New Mesice: heer Ss. Evans 
Descriptive, Design, Tests. May, 1919/:: ‘Page 488. 

H-1 FORCED DRAFT BLOWERS. 

Turbine Deven Forced Draft Fans. i F. Schmidt, Description, Test. 
February, 1913. Page 95; 

Test of 30-inch Keith Fan. . L. Loeb. “Test. 1914. Page 85. 

_ Centrifugal.Fan Characteristics. F. L, Busey. Description, 
tion, Tests. November, 1914. Page 1347. 

Blower. Performance. W. L. DeBaufre, Resign: Bebtu- 
ary, 1916. Page 145. 

Centrifugal Fan Calculations by the’ Specific. Speed Method. 
Stuart. Investigation, Design. August, 1916, Page. 613, 

_ Test of, Sturtevant Forced Draft Blower (Vertical). M, rm ‘Stuart. 
Descriptive, Design, Test. August, 1918. Page 453. 

Installation and Care of Sturtevant VD-5 Turbo Blower. F. WwW. Ster- 
ling. Description, Operation... August, 1918. Page . 


The Terry Turbine: Driven Fans—‘“ Description. . 
gust, 1918. Page 598. 


(MISCELLANEOUS) INSTRUMENTS ‘AND TESTING “OUTFITS. 

Chemical Indicators in Volumetric Work. H. T. Dyer. Investigation, 
August, 1913. Page 415. 

Fuel Gas Analysis and Its. E. Jones,. Feb- 
ruary, 1914, Page 283. 

Gas Analysis. W. N, Berkeley, ag May, 1946 
Page 382, 

Directions for sig the Gas Outfit, Ww. T. Conn, 
tion, Operation: February, 1917, Page 36, 


C.O; Recorders and Their Value. V. J. Azbe. 
1917, Page 177. 


The Simplex Patent Salt Protector—" Shipbuilding. “A Descriptions Feb- 
ruary, 1918; Page 136.) 


The Thermo Electric Shipbuilding.” Description. 
gust, Page 656. 


1-1 POWER MEASURING OUTEITS. 

Shaft Horsepower of Destroyers. F. Ww. “Sterling. 
scription, Operation, August, 1917. Page 487.) 

The Measurement of Shaft Horsepower—“ Shipbuilding.” Description, 
Discussion; .. November, 1917... Page 


The Standardization of Horsepower “Mécionawant— “ Shipbuilding.” 
Discitssion.' May, 1920, . Page 328). 


Test of a Gary Cummings. Torsion ‘Meter for, Ss. S.. Duncan. G. 
Child. Test. May, 1913. Page 248. 
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Cummings Log System and Revolution Counters. R 
Gary. Description. August, 1913. Page 403. 


The Cummings Engine Log System. Bs “Dinger. ‘Description, “May, 
1914. Page 389. 


Speed Control on Dreadnaught Pennsylvania (Cummings Log) —“ “Int. 
Marine Eng.” Description. May, 1915. Page 506. 

An Alternating Current System for Engine Telegraph, Helm. “Angie 
Indicators, Etc. L. A. Doggett. Description. May, 1916. Page 443, 
Tachometers. L. A. Kaiser. Description. 1917. ‘Page 


gt 


TESTING ourrrt. 
The B. Gregory. “Description, 1915. 398. 


of Temperature of Refrigerating Chambers" 
ing.” Description. _ August, 1918. Page 659. 
"Notes on Storage Batteries. “C'S. McDowell. Discussion, Tests. “No- 
vember, 1915. Page 887. 
Storage Batteries. F. A. Daubin, ‘Description, Investigation, Opera- 
tion, November, 1916. Page 893. _ 


Current Carrying Capacity of Cables, U. Ss. M. 
Design. November, 1919, Page 


Packing in the U. S. Navy. A.-M. Charlton.. Description, Test. No- 
vember, 1914. Page 1099. 


Boiler Gaskets and Packings for the Navy tacrip- 
Tests. _ August, 1917. _ Page 


‘Corrosion of Common Metals and Methods ‘of Prevéntion. ‘Leig- 
ler, Investigation, Bibliography. August, 1914.” “Page 854. 

‘A Rational Test for Metallic Protective — J. 

_ Ventilating and the Point of View. C. F. 


the Liquid CO; in Refrigerating Mactiines, AW 
vestigation, Test. August, 1914. Page 949. 
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Hall’s System of Refrigeration: for Ships—‘ 
1915. Page 702 we 
Machine. G. ‘Rothay.”” ‘De; 
scription, Operation. February, 19 Page 238, ail 
re Operation ‘of Ice 0. "Oper ation, 
iption, Nov: , 1916, , Page 839, 
easurement of emperature of, 
building ” Description. “August, 1918, 
Design, Tests, May,. 1919. Page 
“Test of Two Ton Clothel ‘Stuart. De- 
scriptive, Trials, Design. 1019. 624. 


Description. 


serating "Cha 


hi 


1913. Page 42. 
Notes on Eyaporating . Plants, C. Dinger., Operation... August, 1914. 


‘Page 843. 


Salt Water Evaporators. map Investigation, Desigh. 
November, 1915. Page 946.5) ) 

Test of Schutte and, Koerting Eya tor, St rt. Description, 
November, 4917. Page 725. 

Tes ebruary, 1918. 

Test of Reilly Multicoil Gubmerged Type). we 

ription, Operation, Tests. February, 1918. Page 78. 
An Improved Method of Operating ‘Evaporators. MC 


scriptive, Tests, February, 1919, Page 63, 
Ait F Wa Extractor Description. 

Heat Losses in Steam Transmission. Te Tnv 
Design. August,:1915.. Page 529. ava} 


£. Sea. ve P Sh 


Testing of Steam Traps. at the U. 8. ‘Naval 


Station. J. L. February, 1916. Page 123. 


ebruary, 1918. 


3 
x 
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0-4 DISTILLING PLANT. 


TOPICAL. INDEX, FEBRUARY, 1990) 


sign. May, 1918. Page 239. gat 

1919. Page 430. 

High Pressuré! Steam Stop‘\Valves. Dis- 

cussion. February, 1917. Page 121, toe 


v-2 SAFETY’ AND RELIEF VALVES. 


Safety Valves. at. the: Naval Experiment Sta 
tion. L. R. Ford. Description. August, 1915. Page:607. . opens tT 
uSteani Safety! Valves:-:G.iH. Clark.» Investigation; "Désign: ‘February, 
1917. Page 130. 

‘Safety Valve Springs. Investigation; Design): Deits, 
May, 1917. Page 268. £80 ALOT 

Safety (and: Relief Linki; 1918. 
Page 504. teugiA 

_ Fire Extinguishers for pair Us s Use. Williams.’ Disc 
sion. -' February, 1913." ‘Page’ Hoe 

The Kitchen Reversing Ruder" “May, 
1920. Page 345. 

The Lidgerwood Steam Balloon Winch—* Aviation.” 
May): “4920.4 Page ’359.' Iso) he to sel tol 

The Una Flow Steam Engine. A.C. Meyers. Discussion: “November, 
1914. Page 1162. 

. Trials of New Fifty-Foot Steamers. Equipped with Turbine pe Re- 
duction Gear, W. C! Owen.” Desttiption, Trials.’ May, 1920, Page 311. 


nore 


“th Future of Oil Fuel,” B. ‘Redwood. Discussion, Februaryy 1914 
age 290. 
Lecture jon the Qil Industry; of. Mexico. Brousson, 
Novemhbes; 1914, Page 1321. ‘ag lees 
The Maritime Features the. Crude, Petroleum. Problem, 
wards. Discussion, November, 1944... Page: 

Fuel Oil from, Gonte-" Engineering.” Discussion August, 1916: 
Page 786. 
_ The Scottish Shale Oil Industy—"‘The Engineer Deseroton. May. 
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.. Treatment of Hydrocarbon Fuels, G. Chatain, 
entinn. August, 1917. Page 574. 


Refining Process. N. W. Thompson. May, 
age 364 


Oil as a Fuel from the Producer’s Viewpolat. H. Thomas. Discassion. 
February, 1920. Page 198. 


MOL 


sion. February. 1920. Page 205. 


AB-2. COAL. 
‘Tests of. Matanusha Coal on U. 8. Merson Tests. 
1915. Page 97. 

Coal for the Navy. J. Richardson, 1918. Page 
332. 

Land Storage of Bituminous Coal. G. R. Crapo, Discussion, Aidit, 
1915. Page 663. 

‘Purchase of Coal on Specifications.\’ R. Wadleigh. Discussion. 
August, 1915. Page 693. 

The Volatile Matter of Coal, J. G. O'Neill. Investigation. February, 
1916. Page 11. 

Prevention of Spontaneous Steamship.” Discussion, 
February, 1916, Page 316... 

Firing and Combustion of Soft Coal Under Naval eller. Ww. ol De 
Baufre. Operation. May, 1916. Page 453... 


j 


Av Safe Use os Pulvetised Coal. Prdpesized Fuel Equip- 
ment Company. Operation. May, 1919. Page 516. 

Use of Pulverized Coal—*'The Data. August, 
1919, age 671... 


inside wold sAT 


MAT ERIALS, {AND CORROSION). 

Saha of Common Metals ied Methods of Prevention. §S. J. Zeig- 
ler. Investigation, Bibliography. August, 1914, Page 854. 

A Rational Test for Metallic Protective Coatings. ‘J. A. Capp. ected 
tigation. August, 1914. Page 985. 

The Reserve Forces of Naval Material. Dinger. Discussion 
November, 1915. Page 853. 

Rationality in Metallographic: Testing: ‘Seth 
vestigations. February, 19177” Page 63. 
Corrosive Action of ‘Sea Water (on vines)" Shipbulling” MO Discs 
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ruary, 1913. Page 125. 


Psi Carbon Alloys. G. J. Meyers. Discitson, November, 1914, Page 
Boiler Tubes. D. J. McAdam. | Tests. May, 1915. Page 461. 
Galvanized Iron and Steel. Jj. Paterson. Discussion. May, 1915. 

Page 503. 

High Grade Alloy Steel at Low Cost. rf B. ‘Rhodes. Discusion, Tests 

November, 1915. Page 911, 

Materials Used in Case Hardening. R AP Millholland, Discussion. 

February, 1916. Page 260. 

*Manufacturing Seamless Steel Tubes. J: Dunn: Desctiption. May, 

1916. Page 589. 

“Heat Treatment of Steel. Syte. Investigation. ‘February, 1017. 

Page 149. 

‘Suggestions for Selecting aise Testing Drill Steel. Kaiser. Dis 

cussion. May, 1917. Page 402. 

- Growth of Cast Irons After Repeated Heating F. . Rugan and’ H. 

c. H. Carpenter. Investigation, Tests. November, 1917. Page 743. 
~‘Cobaltcrom, the New Steel Alley" Engineering.” Discussion. Ne 

vember, 1917. Page 784. 

Tungsten and High Speed Steel—*“ Engineering.” Manufacture. May, 

1918, Page 343. 

Cobalt-Crom, the New Steel 

May, 1918, “Page 349. 
- Use of Vanadium ‘in Steel’ Miking, Norts. Discusion, May, 

1918. Page 350. 

- Manufacture of Electric Tool Steel: By A. Deseriton. 

May, 1918. Page 355. 13 

Molybdenum and Ferro Motybdenum—" Engineering.” Discussion. 

August, 1918, Page 
Composition and Propértics of Steels) H. Ensaw. Discussion, Tests. 

February, 1919. Page 241, 

Diesel Engine Castings. F. J. Cook. Discussion. May, 1920. Page 330. 
~ Internat ‘Combustion ‘Engines—“ La’ ‘Ma- 

_ Observations and Notes on the Season Cracking of Brass—“ mins 
World.” Discussion. August, 1913. Page 488. 

Bronze.’ J. Dewrance. Investigation, Test. May, 1914." Page 
Study of the Strength of Non-ferrous P. ‘Ine 

vestigation, Test. August, 1914. Page 990. 

Some Considerations Affecting. Specifications: Wrought’ 

Materials. W. R. Webster. Investigation. August, 1914. Page 997. 
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‘ot Temperatures ‘on the Properties of Admiralty 
= Metal. ongbottom,, Discussion... November, 1914... Page, 1359. 
rosive E team on Turbine Blading Material... 
November, 1916. Page 836. 
“Khalysis and J. NO Tests, Investigation 
November, 1916,.. Page. 13... T 
_Internal Stresses, in, Wrought Brass, and Bronze, .D. J: McAdam, Tn- 
vestigation. August, 1917. Page 433. 


scription. August, 1917. Page 53 


Brass. and Other Copper. Alloys, Used. in; Marine, Engineering. 
Milton. Investigation, Tests. November, 1917. “Page 768. 


J: T., Milton, Investigation, Tests, ‘February, Page 


gard 

Cases of Deterioration of Muntz Metal by Selective Corrosion. 
Bureau Standards. Discussion. August, 1918. Page 607. 
_Anvestigation Into the, Causes of Corrosion or. Erosion of. Propellers. 
C. A. Parsons and S. S. Cook. Research. -May,,,1919. Page. 536. 
Some Facts Monet Metal, By Williams, Data, Tests... 
1919. Page. 692. -;,,, 
Non, Ferrous Metals and Alloys and the Nayal Engineer. 
Discussion. May, 1920. Page 337. 


See, also “C-1", for Corrosion, of Condenser Tie. 


moizen 22 Taso NON; METALLIC. wo +) ited 
Firebrick Points—" Power.” Data. February; 1913. 113. 
~sPacking in the! U.S: Navy. A. Charlton. Description, 
vember, 1914. Page 1099. i 
«Boiler Gaskets: dnd Packings fot:the Navy. T: Winstons, Desetip- 
tion, Tests. August, 1917. Page 451. sacl Bret eM 
ForsLubricating Gils:see “ F=11” Lubrication. 


ad (OPERATION. AND TRAINING, TESTING, 9 


Engineers and, Engineering,in the: Royal, Neve  Dis- 
cussion... May, 1914. Page 583. M 

The Human Element in Engineering. j. Gibson. Feb- 


Advanced: Engineering Edvcation, Lucke. Discussion, May, 


Post Graduate Education i in Naval, Bnginering, Halligan, 
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TOPICAL ‘INDEX, FEBRUARY, 1920; 


4 OPERATION: AND ORGANIZATION. 
Phe Engineer’ t of Naval ‘Vessels.’ H -G. 
November, 1914. Page 1182. _ 


Page 363. 
A AD-A TESTING PLANTS. 
SO Naval Engingeting Experiment tals 
e ineerin; g Experin CG. ‘Bower. Descriptive, ests. 
Notes. F. Bartlett. Dysctiptions, August, 1915. Page 


fiat 


Test Station for a Navy Yard.’ E. Description. 
February, 1916. Page 

Testing Materials at the Engineering Experiment Station. D. J. Me- 
Adam. Description. May, 1916; Page 361.’ 

sion. W. L. DeBaufre. Design, Tests. November, 1916. Page 
of X-Rays“ Engineering.” |; Investigation, 
Discussion. _August, 1919. Page 719. 06 9989 


_AD+5. ENGINEERING ‘SOCIETIES, ETC 
Societies, Associations! and..Commissions. Specifications 
Yor Engineering Materials. K. D. Index to August, 


or Use in Soft Metals" Brass World” 
esigning, a Foundry for a Navy Y: Vat M. Description, 
Discussion. May, 1914." Page 366. 
_. Typical, Faults,in Steel Ca Description, ‘Discussion. 
November, 1914. Page 1355. 
. Foundry Use of Non. Is. 


sion. February, 1915. Page 12 
_Serey Propeller Mancfactue, 0.7 


Page 334 
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a Melting Metals. W. J. May. Discussion, « May, 1918. Page 340. 
q _ Electric Heated Industrial Furnaces. G, J,..Kirkgasser, Descriptive. 
; February, 1919. Page 232. 

Discussion. May, 1920, “Page 242, 


Hardening and Tempering High Speed Tool Steel. C. A. Edwards. oe 
vestigations, Test. November, 1915. Page 1022. 

The Heat Treatment of Large W. 
August, 1917. Page 566, 
Possibilities of Double Heat Treatment Steel. B. Stoughton, Dis- 
cussion. May, 1918. Page 353. 

The Influence of Heat Treatment on the Electrical Properties of Steel. 
E. D. Campbell and W. C. Dowd. Tests. August, 1918. 
q Page 589. 
q Die Castings and Their Application the ‘War Program, Pack. 
Descriptive. May, 1919. Page 508. Save 


MACHINE 
INSTALLING. 

Ss. M. Wakeman Descriptive. 
February, 1918. Page 141. é 


Optical Method of Shaft Alignment. Notts, 1919. 
Page 56, 


' AE-5 BALANCING, VIBRATION, ETC. 
Sperry. ‘Fallograph—* "Description. Manis 4916. 


a and J. O. Richardson. Investigation, Design. February, 1917. Page 1. 
q Some Experiments on the Influence of Running Balance of Propellers 
q on the Vibration of Ships. J.J. King—Salter. Investigation. August, 
a 1917, Page 562, : 
An Impact Testing Machine. ‘D. McAdam. ‘Description, 
Tests. _November, 1917, Page 663. 

F. J. Cleary. Description, Tests. February, 


Paget, 
Notes on the ‘Subject w. “Akimoft. ‘Descriptive, De 
sign. May, 1918. Page 303. 


Recent Developments in Balancing Apparatus.” Ww. De- 
4 scriptive, Tests. May, 1918, Page 379. hi 

"The Balancing of Heavy Rotors. M. Ww. Operation, Desig, 
Bibliography. August, 1918. Page 518. 
a ‘Dynamic Balancing. F. J. ‘Cleary. Discussion.” ‘November, 1918, ‘Page 
806. #56 
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Page 405..." | 

Torsional Vibration Shafts. F, Lewis. Computing, 
Design... November, 1919): Page 857) 


THE 


_ AE-6 PHOTOMICROGRAPHY. 


Examination of Broken Crank Shaft. J. Daniels. 
Tests. May, 1913. Page 241. 

Report of Metallographic Physical Tests of peated Crank’ Shaft. D. j. 


WELDING. 


Electric Arc: Welding. §S. McDowell, 
August, 1915. Page 629. 

Processes of Electric Welding. c. B. ese Description, Discussion. 
February, 1916. Page 266. 

Repairing German Vandalism by Electric Welding. E. P. Jessop. De- 
scription. _November, 1917. ‘Page 639. - 

Welding Main Engine Cylinders.. H. G, Knox. »iDeserintion: Novem- 
ber, 1917. Page 655. 

Tests of Oxyacetylene Welded Joints in ‘Steel Plates. H. yi, Moore. 
Descriptive, Tests. August, 1918, Page 645. 


Oxyacetylene Welding... Plumley. Descri 


Electric Arc Welding. RE Kinkead, Discussion. Noweather 1918. 
Page 898. 

War and Welding. E. ‘Wanamaker, Discussion, Operation, Economy 
Data. November, 1918. Page 900. , 

Application of Electric, Welding to Shipbuilding—“ Engineering.” a 
scription, Discussion, Research. November, 1918. Page 912. 

Autogenous Welding as Allowed by Board of Supervising Inspectors. 
Steamboat Inspection Service... Rules. .November, 1918. Page 919. 

Difficulties of Welding Steel by the Oxyacetylene Process, B. K, Smith. 
Discussion. February, 1919, Page 331. 

Electrically Welded Steam Lines. H. R. “Woodrow. Discussion. 
ruary, 1919, Page 333, 

Electric Welding. Parts of Vessel for Which Approved by Bureau of 
Shipping and Lloyds—“ Int. Marine Engineering.” ” List of Parts, No- 
vember, 1919. Page 899. 

Plastic Arc ay J. Smith,” Discussion. +1920. Page 
183. 


Methods of é Economy in Steam’ ‘Consumption. 
Investigation. Discussion, May, 1914, Page 446. 


Empirical Formula for the Weight of Steam Passing Through a Ven- 
turi Tube. J. B. Grumbein. Design. May, 1914. Page 645. 
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Superheated Steam: H.Gray. Discussion: ) Atgust, 1914. Page 937... 
Some Problems Connected with the Use of deer Steam) Pi J. 
Haler., Investigation. ' “November, Page 1390," 

Superheated Steam in Marine Practice“! Shipbuilding.” Discussion 
February, 1916. Page 234. 

The Future of Ship Propilsion—“ Engineering.” Distaaslon. _ May, 
1916) ‘Page 5392 go 3 

The Anomaly in Superheat Corrections —" Engineering” Discusion 
May, 1917. Page 364, 

An Outline of the Theory Heat in 
Application to Ordinary Engineering Problems. J. E. Bell. Investiga-_ 
tion, May, 1917. Page 375. 

Superheating Wet ‘Steam—“ Shipbuilding.” 
1920. Page 176. 

Ship Structure in Relation to Effect Produced by Submarine Weapon 


Saving Heat Units in Marine Machinery. H.C. Dinger.' Investigation 
August, 1913. Page 379." 

‘The Saving of Heat Units in Marine Machinery. L Loeb. Discussion. . 
November, 1913. Page 698. = 

Machinery for Capital ‘Vessels. H.C.’ 
1917. Page 88. 

~The Development of ‘Machinery’ in the ‘Navy ‘During ‘the 
Ten Years. C. W. Dyson. Historical, May, 1917. Page 195. 

A Fifty-Year Retrospect of Naval Marine Engineering. Bib, 
Descriptive, Historical. May, 1918. Page 255. 

Naval Construction (British) During the War, 
Historical, Descriptive, Illustrated. May, 1919, 476. 


pelling Machinery for Swedish, Battleships, W, W. Smith. Descriptive. 
August, 1917, Page 415. 
Idaho, H, B, Gregory, Trials, "February, 1020. 

age 99, 

U. S. 8. Nevada. O. L. Cox. 


Uv. 


of. §. M. Robinson. Description, Tests. oe 1918. Page 23. 
U.S. S. New Mexico, Deseription and Official Trials. S. M. Robinson. 
Descriptive, Data, Trials. May, 1919. Page 345. ae 
U. S. S. New Mexico, Tests of Main ‘Pump. $8. ‘Evans, 
Descriptive, Tests. 1919, Page 438, 
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SS. New Mexico, Propeller Data froni Trials. 
Bate ay Data, Trials. August, 1919. Page 598. 

Years of Electric Propulsion on the: New Mexico—! Int: Marine 
Eng.” Discussion. May, 1920. Page 416. 

U. S. S. Oklahoma. H. B 1916.: 

S. Pennsylvania, Speed Control. (Cummings Matine 
Eng.” Description. May, 1915. Page 506. i 

UL S. S. Pennsylvama, Reduction Gears—‘ Int.) Marine Eng” A ‘Desetip 
tion, August, 1915. Page 727. 

S. Tennessee; Electric Propelling Machinery. W.. De- 
scriptive, Design. February, 1919. Page 251, 

Texas. H. B: Gregory. Description, Trials... February 101. 
Page 1. 
H, M, S. Hood, E. D’Eynecourt. Description. May, 1920, 

APCS SCOUT CRUISERS, 


AF-4 LIGHT CRUISERS. 


CRUISERS, CUNBOATS, ETC. 
Tallapoosa, Trials of. W. M. Prall. Description, Trial, 


August, 1915. Page 619. 
U.S. S. Sacramento. W. F. Description, ‘Noy, n 
AF-6 DESTROYERS, , LEADERS AND EAGLES. 


of the Torpedo Boat Destroyer. WwW Lambert. 
cal. February, 1914. Page 266. 

a Surrendered German Destroyer Type—* Shipbuild- 

geet Description. February, 1919. Page 334, _ 
S. Eagle Boats. C. Bean. Construction, Design, Description. No- 

ether! 1919. Page 818. 

Evolution of the Destroyer. S. M, Robinson. _ Descriptive,” ‘General, 
Design. November, 1919. Page 900. 

U, S. Aylwin, Parker and Benhom, J. 8. _MeKinney. 
rial, February, 1914. Page 172. 
S, Balch. H. B. Gregory. Description, Trial. May, 1915. Page 


SS, Cassin and Cummings. H.'B. Gtegory 


August, 1913. Page 339. 

U.S. S, Cummings, B. Gregory, Trial. November 
1913, Page 593. 

U. S. S$. Conyngham. H. H. Norton. Description, Trials. May, 1916. 
Page 369. 
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US. S. Cushing. (0. November; 1015. 
Page 836. 

U.S. S: Downes. R. M. Griffin. ‘Description, Trials. ‘May, 1915 Page. 
409. 

$.S. Duncan. A. Conti, Description, Trial. May, 1914. Page. 518. 
U. S. S. Duncan, Test of a Gary-Cummings Torsion Meter for. W. G. 
Child. Test. May, 1913, Page 248. 

U. S. S. Ericsson (56).° W.- Hi. A. Lange. Description, Trial. August, 
1915. Page 579. 

U.S. S. Henley. A. Conti. ‘Trial, Bebruary, 1913. Page 
108, 

U. S..S. Jacob Jones (old). W. F. Sicard, Description. May, 1916. 
Page 498. i 

U. S. S. McDougal. H. B. Gnegtry. Description, Trial August, 1014 
Page 864. 

H. M. T. B. Destroyer Mounsey—“ Engineering.” Trials. February, 
1919, Page 240. 

U. S. S. Nicholson. W. F. Cochrane. | Description, Trial. May, 1915. 
Page 388. . 

U. S. S. O’Brien. W. F. Cochrane. Description, Trials. November, 
1915. Page 873. 

Bisson and Renaudin, E, N. Janson. May, 1914, Page 575. 

U.S. Tucker, O. Cox. Description, Trials. August, 1916. Page 
654, 


The Destroyer Tyrian—“ The Engineer.” Description, Trials. Febru- 
ary, 1920, Page 176. 

U. S. S. Wadsworth. H. B. Gregory. Description, Trial. August, 1915. 
Page 640. 

U. S. S. Winslow. . Ww. Cochrane. Trine, 
1915. Page 964, 


AF-7 MERCHANT TYPE AUXILIARIES: 


U.S. S. Bushnell, G. E. Davis. ‘Description. August, 1916, Page 669. 
UW. S.’S, Cuyama, Main Engines of. F. J. Cleary. Description. May, 
1917. Page 319. 
‘U. S. Fleet Collier Jason. H. B. Gregory. Description, ‘Trials, 
August, 1913. Page 373. 
U. S. Fleet Collier Jupiter. S. M. Robinson, Description. November, 
U. S. Fleet Collier pe Operation and Trials of. S. M. Robinson. 
Dee Trial, Operation. May, 1914. Page 339. 
Fulton. x N. Hinkamp. Description, Trials. November, 1918, 

Page 897.. 

U. S. S. Fulton— “Int Marine ‘August, Page 
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TOPICAL INDEX, FEBRUARY, 1913—MAY, 1920, oF 


U. S. S..Maumee, Main Propelling Machinery of. C. W. Nimitz. De- 
scription. November, 1915. Page 794. 

Auxiliary Naval Vessels (Melville) — “Tnt, Marine Eng.” Discussion. 
August, 1915. Page 699. 

U. S. Colliers Proteus and Nereus. Hi B. Gregory. Description, Trials. 
November, 1913.. Page 613. 


) AF+8 | MERCHANT VESSELS.” 

Vessel. Tynemount, F.C. Coleman. De- 
scription, November, 1913. Page 758, 

Trials of Geared Turbine Propelling Miata on: Freight Steamer 
Pacific—‘ Int. Marine Eng.” Trials. . May, 1916. Page 545... 

Cargo-ship Lines of Simple: Form. Ww. McEntee. Design, Tests. May, 
1918. Page 410. 

Electrical Applications to Vessels. AL ‘Hornor. 
tion, Discussion, August, 1918. Page 490. 

Standard Watertube Boilers for U.'S. Emergency Wooden Steamships— 
“Int. Marine Eng.” Description. August, 1918. Page 666. © 

The Propulsion of Cargo Ships with Parallel Middle. Body... W. Me- 
Entee. Technical, Design, Tests, February, 1919, Page’ 263... 

Speed, Dimensions and Form of ‘Cargo’ Vessels. G. S. Baker and J, L. 
Kent. ‘Technical, Design Iflustrated. ” May, 1919. Page 494. 


Electric Drive for Merchant. Ships. Ww. Emmett... ‘Discussion. 
May, 1919, Page 541. 


Panama Colliers Ulysses ‘and. Achilles. H. B Gregory, "Description, 
. Trial.’ August, 1915. Page 

S. Edward Luckenbach—" Trial Feb 
ruary, 1917. Page 169. 

Great Northern.and Northern Pacific. Ww. B. Robins. Description, 
Trials. May, 1915. ‘Page 426. 
U. S.'S. Rampo, Emergency Fleet Oi Tanker 1655. H. B. Gregory. De- 

scription, Design, Trials. November, 1919. Page 878. 
Propellers for Low Rowared Ships. M. Robinson. De- 
sign. 1920. Page 


‘The Submarine Power A, Hoar. Discusion Feb 
ruary, 1916, Page 286. 

The ‘Accident to Submarine K-13—" Shipbuilding” Description, 
ruary, 1920. Page 159... 

The Accident to K-13—" Shipbuilding.” “Discussion.. February, 1920. 
Page 164. shag 

"The “Facts” About German Hager” 
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THE PROBLEM OF THE HULL AND'ITS'SCREW PROPELLER* 


1. BB hog —In 1915 Sir Archibald Denny made the statement that 
“in the future the rules for the correct designing of’ Bovchecs should 
be derived from data ‘carefully taken from the trials of smooth bottom 
vessels carefully run over accurately measured deep water courses.” 

Several years ago Admiral Taylor wrote to the effect that if theoretical 
formulas for design are adhered to, it would be necessary to compare each 
formula with experimental results and select that one which seemed to 
agree more closely. Then, using this as a semiempirical formula, with 
constants. deduced. from:.experiments or experience, Problems could. be 
satisfactorily dealt with. .. 

Both of these statements practically agree, Denny boldly casts ‘all 
retical’ treatment of the propeller’ into the discard, while Taylor, by im- 
plication, takes the same action, only ‘retaining:' ‘ertough, the theory to 
savé its face; to use/a Chinese’ 

To accept these statements of such, eminent, ‘authoriti es. at ‘jheir, ‘full 
value throws us at once into the field of empirical results from which 
to derive data ‘and formulas for ‘the determination ‘of “hull forms and 
characteristics of propellers to fit any particular form of hull Sad | nad 
resistance ‘which it may be desired’ to‘overeome. 

Difficulties Encountered in Obtaining ‘Rekable 

the empirical field: for, propeller data, the investigator \is at first encour- 
aged by the large, apparently large, amount of data available, but it does 
not require any extravagant amount of time for ‘him to ascertain’ that 
fullyi95 per cent ‘of the available data is absolutely ‘worthless, this state- 
ment of course referring to conditions where: genetal formulas and con- 
stants for design covering the entire field of, the. combined, aie sure 
and their propellers, are being sought, ; He 

principal causes of worthless data’ are-— 

Lack ‘of model-tank trial curves for the’ 
b) Variations in conditions of ship’s bottom: 
(c) Deep sea trials in place of measured mile. 

(d) Variation in displacement and trim from those of model. 

Measured mile trials yun in a tideway with insufficient of 

(f) Trials run in water. 

Model, hult, when ‘tried, not: fitted: with- 

All of the above relate to the hull, and the ‘responsibility. for = rests. 
with the owner, the builder and the nayal architect, all of whom, appar+ 
ently, aré short-sighted’ as to be’ able 'to only ‘the few dollars saved 
today by reas petty economies, losing sight entirely of the thon- 
sands, of dollars which in, ihe Amal 


*Read at the twenty-ei general meeting of the Society of Naval gettin 
and Marine Engineers, held in New York, November 11 ana 12, 1920, with some 
additional notes by the author. - 
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‘NOTES. 


-Parning now tothe propellers. we! find HA 
weeping taste: of the designing exis 


to the ‘same degre ae blade formic: Hts 

(1) Blades: exceedingly ‘rough. 

«i Blades: made: -with pitch raidially. 0 or: axially, both: 

Huby oftsuch form as ito: cause: abnormal eddy ids 

Propellers located: with: respect toithe hull! of ‘the ship as to 
produce abnormal losses, 

» The guiltfor:all of these rests with the’ designer of the sicepelindc: The 
naval architect is, however, particeps criminis in the last-named :offense. 

8: Derivation Fineness of After Body'ofithe Ship—In making: the 
selection of data upon which to base formulas and design: data, it is' neces- 
sary to confine consideration to hulls of fine ‘lines, ‘with propellers so 
placed that the chances of decrease in propulsive: efficiency due to hull ef- 
fect are reduced to a minimum.:' The propellers ‘which are fitted. to these 
hulls must: alls have practically: the same radial distribution’ of the: pro- 
jected. areas, must have the same general forms of: blade :sections, must 
be true to pitch, fine-edged and smooth, im order to eliminate as: persone 
variables as possibte: the 


lines with a parallel middle body of a certain percentage of length of the 
vessel. . She will have a certain block coefficient. Now, maintain the same 
forward and.after-body lines but modify the length of the middle body. 
As the length of the middle body increases over the initial, length, ‘the 
block’ coefficient. increases, and yice versa; but the after-body lines, which 
control the character and quality of the flow. of water to the propeller, 
have remained as at first. . It is impossible, therefore, to, base propeller 
conditions on block coefficient, but there must be provided a means of 
bringing measurements of block coefficient to a standard condition, 

Tn the foregoing example the constants, in addition to the, forward aa 
fter lines, are the beam, B, and the draught, H, while the ratio B 
B B. P., variable, 
_ Having obtained a means of correcting for the variable, there. will im- 
mediately be discovered another condition ‘which contains the same vari- 
able as before but, in addition, H has become variable. Experience has. 
taught that with constant form and area of load-water plane, to decrease 
the draught of the hull is to increase the nominal block coefficient; but the 
wake will not increase but will remain practically the same as ‘with the 
initial draught; while should the draught be, increased the nominal block 
coefficient will be decreased but, as in the. SOPHIE, case, the, wake will 
remain practically unchan ged. 

Having corrected for varying ratios of len 1 te beam and of di 

to beam, it might be considered that the coast had ‘cleared and ore 
te sition had pore, reached where the propeller could be taken up. but this 

not the case. , Phete is still a variable, and that 4 Very important one, to 

take cate of, namely, ‘varying ratios, of oat pf after body, or if ‘pre- 

ferred to so call it, , of run, to has a ‘very 
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‘NOTES. 


All of the varying dimensions. now: having: been cpedred it will: be: found 
that ‘still. another’ correction ‘must be made, and: that is the correction for 
type of hull. The types of hulls are sharply defined by the character: of 
the after-body’ lines.‘as: the: hull. fines.towards /the stern; whether this 
fining is: produced rapid dead rise of the bottom, with a very’ slow 
decrease in beam at the load-water line, or whether it is produced: by a 
rapid decrease in beam. The latter type'-can be subdivided:into ‘two 
s, the first having a full and the second a fine midship section, \ the 
rst’ tending to: concave’ body: section lines and the second to convex. In 
the first subtype the propellers are to a re none Fe or: entirely, covered 
by the submerged hill, while in the second subtype the propeller may be 
entirely outside the limits of the load-water plane. The first subtype will 
be’ as “Hulls of Type ” and those of the second subtype 
‘Hulls of Type 3.” 

oe Where the hull fines rapidly by means of a rapid rise of the bottom 
teniatde the stern the vessel is denoted as having a “ Hull of Type 2” 

rs ‘examples of the different types the following may be taken: 

The 1—U. dreadnaughts and destroyers. 

e 2—Vessels of the ordinary fantail form of stern suchas U. 8. 
edtlices and the ordinary type of merchant ship, also submarines. 

Type 3.—Vessels having the co-called cruiser stern; gunboats Annap- 
olis and Sacramento, battleships of the Virginia class, battle orwsivers, 
scouts. 

In reply to the questions put to the author, the questions will be taken 
up in order, as follows: 

First: Is it to be understood that, in determining the Slip B. C. of 
single screw ships of all three types Tar correction or variation of mid- 
ship section coefficient is to be mi does this also apply to twin 
screw ships of Type 1 and 2? 

No correction is made 3 nor for either of Types 
an 

Second: Is there no correction to be made for variation im midship 
one coefficient in arriving at the K block coefficient? 

Answer: No correction is made. 

‘Third: Would it not be as accurate and less comiplicated to use. “the 
prismatic in place of the block coefficient? 

Answer: Complication would not be any the less should the prismatic 
in place of the block coefficient be used, as in either case we would have 
to apply the correction for variation of ratios of Draft to Beam, for 
Ratio of Length of After Body to Draft and for Length of Middle Body. 

Fourth: To what type would high speed yachts, torpedo boats, an 
the earlier destroyers belong? The finin aii of the after body of these 
vessels is produced neither by a rapid dead rise of the after sections nor 
by a rapid decrease of beam, but by the raising of the keel. As the pro- 
fal of these vessels are, to a great extent, ab ig by the bia 

ull, the inference might be that to Typel. 
Practically all of ‘these boats are o spe 
Fifth: What'is meant by a full midship Bis. Is it one = iba is as 
full or fuller than the standard as shown on Fig. 1? And is a fine midship 
section one that is considerably finer than this standard? 

Answer: A full mire section is one that is 3 sec or fuller than the 
standard as shown on Figure". A fine that is 
considerably finer ‘han this. standard. ane p ions on 
Figure 1 vessels of Type I\and Type 

Sixth: How would Figure 5 bea poled | shi i 2? Althou; 
one of “this typé is sh insProblem m getting t 
slip is not explained. : 
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Answer: The curve marked “Slips for S$. B. C. on X-W, Types 1 and 
3 Hulls” has marked on it values of S. B. C. To find the basic apparent 
slip for.any S. B. C. with any given ratio of length of after body to H, 
pass a direction curve through.the point for this S, B. C. as: marked on 
the first. ‘mentioned curve. Where this direction curve intersects the 
ordinate through ihe given-ratio will be the basic apparent slip to use. ~ 

Remark: It would appear that when a propeller is to be designed for a 
ship, where the effective horsepower is not given but has "to be estimat 
or if the value of 2 L. A. B.—H is not known, the original method (0 
design) is about as good (as the new) at least for ships of this class, 
For ‘small single screw steam yachts, with a large ratio of beam to len 
and ‘with small midship section coefficient, the method as shown in th 
paper, it’ is believed, would be decidedly more accurate. = = 

Reply; Experience up to date has indicated that the second mé 
gives approximately, the same. results. as.to power as were obtained | 
the original method but it is considered ‘more accurate in determination o 
eqvoletens and in designing the screw so as to plot more surely in the 
safety zone, 
~Wheré the value of twice the Length of After Body divided by H is | 

t known and we have reason.to believe that the after body isnot 

normally long as compared tothe: draft nor abnormally short as com- 
ox to. the draft, the two ‘cross curves of Fig. 5 marked’ for vessels 

ft Type-2 and vessels of Types 1 and 3 can be used. : 
és Following is given a table of ship characteristics with the type to whi 
éach: vessel belongs,.and as performances of different vessels become ayail 
able; their orde ly the 


while Type 3 range- from the stah 

nay Fig. 1B en . prepared. is figure 1 

the three dimensions-being values of H.-:- B, Nominal Block Coeffi- 
cient, atid coefficient: of: midship section. . Vessels of: Type 3 will’ 
inside the small included’ prism. ABCE—A’ B’C’.E’. Vessels_which’ are 1 
the range between Type 1_and Type 3, will-all- plot ‘io the ‘small:prism 
ABD—A’B'D’. Vessels of Type 2 will plot in the prism whose limits - 
ate marked ‘on the figure as 2 Limit.” Vessels plotting outside 
these three defined prisms are of ype 1. e : 


a » 


3 found that ‘it will aid very much in the future, as there are many cases 
where it is:quite difficult to determine whether a vessel is of Type 1 or 
Type 3,‘or whether she is Type’ 2 or Type: 1, although the latter distinction 
is easier made thar the former, as»the type»seems to depend very con- 
siderably on the ratio of Draft to Beamy 
~ Generally speaking the majority of vessels -whose- ratio of Draft to 
a ean ig equal to or greater than the standard given on Figure 1 for - 
a oe 'ype 1 and:2 vessels are of Type:2, those from a little below. the standard 
: for 3 | to:the.standard for Typé'1.and 2 ate-of Type 
: 
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NOTES. 


Vessels plotting inthe small prism ABD-~A'B'D’ partake of the 
culiarities of both Types.1-and.3, and to: the maxiinum: degree 
onthe plane ‘passing through the vertex Be-B’ and the middle: 
of the base lines: AD—A‘!D’. » Vessels» plotting’ in this prism? 
their: Bu C’s; K’ssandiS’s: determined by treating thenm first 
and ‘then ‘as a vessel ‘plot om the 


Sut'Ss 


midway between the mid lave ofthe prem aod 


Bor 


ane, ‘determination: of after-body form, or, as it may be ex ae 
determination of the slip block coer ofa ship, together bi the effect 
of the variations of. ratios of length, beam and. draught, can be expressed 
graphically, With Mn ex ception of the correction for ratio of length of 
after-body to draught, which correction is used father for the’ correction 
of apparent slip rather than of slip block ‘coefficient, the preliminary ‘esti- 
mate of this coefficient, together with its correction for ratio of draught 
to. béam and of len h-on-load-water-line to beam, for ‘all the “ows! 
hull, which may considered of ‘formal form, ‘are’ 
LL, W. L, may be. replaced. By P: 
perpendicular 8). without any etror, a8 the method 
be. as.one of appro roximati on... 
For the vessels of Land 2, there is given d cutve o 
section. at th of 1, for the block ag given. 
intersection of through th the of 


ient.o section for any c ient, referred to. 
less than the ‘standard for is ‘block as given’ Fig: 
1, the after-body form the form for 
OWT 9st ok 


Corrdttion for B be WoL bed 


. Of the standard hulls chosen on. which, to base the: Leste those of type 3 
had short middle — wie when; eliminated, would have raised the 
of B+ LL. W.L, A—B, while those of types 1 and 2 
abe this ratio ‘fine ‘to C4. D) the nominal ‘block’ coefficients 

Now. bes supposed that the forward and 

bodies remain but that the length’ of the middle -bodies be 
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varied. As. this:length increases, the nominal block’ coefficient will in- 
crease :until-at length the :effect! of the: fineness ‘of the forward and after 
bodies on the value of the nominal block coefficients will become i inappre- 
ciable so that: the nominal block coefficient as calculated will be unity. On 
the. other hand; the middle body may, be entirély. ie when the nom- 
inal block coefficient will be that of the combined fore and after bodies 
only, These es of nominal block coefficient’ will take place approx- 
imately along straight lines passing through’ the plotted point, of nominal 
block coefficient and the point of 1.0 on the scale of abscissas where the 


ordinate B + L. L. W. L. is zero. The equation to these lines is— 
Nominal block coefficient on g 


x= B+L L W.L 
28 (i—Nom. B.C) + (B+L.L. W.L.) 


Now the. line. X is S. B. C's of; standard twin-screw ships of all 
the types, and. the standard B, C. for. single-screw. ships of type 3 wo d be 
that where the line through the plotted position of the actual ship crosses 
the line W, while for type 2 and type 1 it would be at the point of cross- 
ing of the line Z.. 

Should the vessel have four shafts: ter: vessels of standard ratios of 
H + B and 2L, A. B. + H, the slip B. C. for the outboard propellers 
will be the intersection of. the: correction: line: with the, line X, and, for 
the inner propellers, the intersection with the line Y. Should the ratio 2 
L. A. B. + H be much — than the standard, the above corrections 
will be reversed. As it takes quite,a large variation in $. B. C. to make 
a heavy variation in revolutions, this correction for position ma sidered be pes: 
iid without serious error and the point on x only be cons 


“Correction for: Variations in Be 


ratios H_ + B for type 3. ships, to 
B. ¢ C’s as given by line A—B, are given by the curves on Figs. 1 and 1g, 
B, type, 3, standard, while. those| for types 1 and 2 
are given by the. cutves on game figures marked 


H +B type 2, standard and H + B I. ‘ity & yorre lottin on the 
in front of or below AM A’ C’ must 


be treated as type.2 vessels in derivin. Ss. while vessels plotting 
between the plane B D—B’ D’ and Limit for type 2 on the same chart must 
have the S. B.C. and the Basic Sli Pe lated in the sane manner as 
vessels plotting between types I an There will be noted diagonal curv: 
lines extending from above at the ieft to below at the right of the fig res 
with values of the nominal C.’s as taken from ‘line’: 

pe, 3, and from C—D for types 1 and 2, “These ate direction Hines 

w in correcting for values of ies on 4, 
for greater than standard on Fi 1a 


a 


To illustrate the above; be taken: 
Vessel A: B.C. -== «632. 


, Examination of the fte lines discloses, that. es 
due to:a rapid, fal in cand are 
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The coefficient of midship section = io 


ils AB. +H > 
ficient of midship section = 98 


‘ndeadin: of ‘the after-body lines discloses that these. lines: Sine rap- 
idly due to a rapid decrease in draught of the actual full body of the hall, 
the beam being decreased very: slowly as the stern is approached, while 
the ‘scréw is’ completely covered ‘by ‘the hull, in the case of twin screws, 


Vow Type 3.- 


Plotting vessel Ao on Fig. 1 with a nominal B.'C. of .632 a of 
B=-L.L. W.L. = .16, and drawing a line through this plotted point‘and the 
point: on the base line where B. C.=1 0; this line is found to cross the line 
A—B at B.C. =‘535; Erecting an ordinate from this point on. A—B ‘to 
the value of H+'B=.3 below the curve H+ B, type 3, standard, and 
following the direction lines up to this curve, the corrected B. C. on A—B 
is found to be .505.° Through this’ point .505 on A—B draw another line 
through ihe base ere this line. crosses X, which is at.an 
abscissa, value of, .585, will. be. the corresponding corrected value of the 
B.. C,.. for wing screws, while where it crosses W, at .64, will be the 

G.-for a vessel or for the center propeller of a mul- 
tple-shaft vessel with an odd number of shafts, 

Should the vessel be fitted with wing propellers, a correction should be 


‘th: ‘passing. the. line ‘through its 
nominal =.7; BL, L. W. L.= and abscissa value 1,0, and 
tending! the line to'C—D, it will-be, ere to cross this line at the B.C. 
value of .582. On:the curve. marked. condition stand 
value of H + than, thi. st to the 
ng greater. ar to. Fig, Ja and plot. the int 
being =.5, B. C. =,582, above standard H—B curve, ard 
—this —— point follow ‘the: curves ‘of direction down to this standard 
line. It will intersect.this line + B. C.=.675. Through B. C.= .675 on 
C—D and abscissa unity, again draw a line.’ Where it intersects X, _at 
will be the S. B..C, for twin propellers, while where. it in- 
In vessels of type 1, the determination.of/S. B, C, is: as type 
With vessels: of: thistype, character. of. the wake appears to- be 
nearly ‘si similar to that: for, type: while quality more nearly like: 
»By wake” is: “meant the degree of obliquity of of flow of 
water to:the' propeller disc, while by, “ quality of wake” is. 
degreesof: disturbance of the wake and in its, ie 
~ to contained iair in the water. in. which, 
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Conditions of wake are’'the most favorable! with ships of type 1, less 
so with ships of type 3, and decidedly unfayorable with ships. of type 2, 
although it may be claimed that. vessels; of this latter type carry much 
heavier wakes than do the other types and more gain should therefore 
be realized from the wake than with the other two types. This claim 
would be a just one were the quality: of the wake with the vessels of this 
enced. with vessels of ‘the 

It has been attempted in» the foregoing give a ‘slight idea..of the 
arriving at the very of» the screw-propeller 

lem ‘before the propeller can even be approached.. It.is hoped. that, it 

also shown the absurdity, of basing any propeller design upon .aom- 
inal block coefficient without correction. In connection with «this,;the 
author had the rather amusing experience of being approached by a gen- 
tleman with the question, as.to‘how he “would determine the slip block 
coefficient: of a vessel to use by. looking at her in the drydock.” The same 
gentleman. xed made the statement that. he, was able a determine by in- 
spection the proper: diameter: and, pitch-of, propelies for any given. hull. 
now, be necessary to, say a few words. concerning the resistance 
to be overcome nse the propeller, in ‘driving the hult through the water. 

sett RESISTANCE--HULL, "AND; APFENDAGES. ot ba 

The af hull resistances being so. fully it onily 
to state that, for propeller work in | ey a ‘system “for 

sign. purposes. only. such vessels should be tsed ‘as have’ had ‘their re- 
sistances determined by towing the mode! of the hull in the Model Basin: 

It does not, suffice to. tow, the model of the bare hull, ‘but’ this model 
should be. fitted with all eplehal submerged attachments in order that the 
true resistance of the hull may be arrived at. © 

‘Figure 2 shows curves of appendage resistance in’ pease e of bare 
pie resistance, erected on values of speed of vessel + L. , as 

prepared by the writer from the reports of trials of models i in the model 
at Washington, These curves are rough approximations, as the 
pron appendage resistance varies with the form of hull andthe amount 
of power carried by the hull ‘and also ‘with the revolutions. at which’ the 
propellers are’ to these latter factors fixing the’ size of shafting, 
external lengths of ‘shafting and’ size ‘Propelier 
PROPULSION but to OF, “AND ROPELLER TH 


little pensive ‘to speak of these losses this stage ‘of the’ in- 
vestigation as they really cannot be studied until the primary design curves 
precy. been arrived at and this result can only be reached by selecting’ for 
the early investigations such. vessels as, from the high values of the pro- 
pulsive coefficients obtained, -are “decided upon as all 
reduced’ to the’ smallest possible ‘minimum: 
The fosses, ‘other than thosé due to’ poor workmanship 
itself, arise from’ the reduction ‘pressure in the’ area’ in) which ‘the! pro- 
ller operates, and also. from the obliquity of flow of water to’the pro- 
ler caused by the fullness of lines of the hull interfering with the flaw. 
ere may also’ be’ serious ‘losses dite ° to around::improperly 
formed stern and rudder posts, ‘around struts of improper section and ar- 
rangement, afound and between ‘strut ‘bosses: and propeller chubs, around ~ 
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the hub: itself, and: to: excessive roughness oh surface of the propeller 
blades and excessive: variation of pitch between different blades of the 
or Of iy be voided losses 
are due tern ‘wor and can easi avoi care in cas 
finishing and setting the: propeller blades, 
The loss ‘factor, or “ power augment,” is. given the letter “K" to de- 
note it. In previous works of the author this tetter “ kK” has ‘been spoken _ 
of as the thrust deduction factor, but this does not convey. all that “K” 
which, in fact, are the losses which have just given, 
K factor has ,the. minimum. values for of type 1; but these 
values for this type increase very: rapidly as the 
after a.certain’ limit of tip. clearance. between the h 
ference of the propeller disc.has. been reached, this far as the 
author can determine, being dependent upon draught. of the vessel and 
the height of this minimum: distance above the. base inet Seg jorae 
for: this mean tip, clearance is; by 


where H* (wing screws) = (Actual tip clearance 4 


(Actual height of hub’ above base’ line) and ‘H = (actual immer- 
tine, | of pie blade tip in feet x 14) + (actual height of tip above base 

ne, in feet. 

‘Hulls of ‘type 3° stand’ néxt in loss; while those of type 
the heaviést losers, single-screw ships of type 3 ‘heeiae: the same loss 
factor as twin-serew ships au 

The values of K for the different classes of hulls sve shown | on: Fig. 3, 
the ordinates being mean referred tip clearances for 1, while 
abscissa values are values of Ki block coefficient, K. B: hich are ob- 
tained from Fig. 1 by taking the intersection of the line through the 
plotted point Nominal B. C—B+L. L. W. L. and the ‘abscissa point of 
unity, with X, W or Z, according to whether the vessel is a wing or 
single-screw ship. The B. C. value this intersection is the K..B. C. for 
the vessel. The values given by Fig. 3 hold very closely for all vessels 
-of what may’ be. considered’ normal dimensions. For: vessels having 
tremely great ratios of length of after body to draught, they may sag 
enable this be ‘stated: definitely. 


which sélected to be’ used must ‘all have hav- 
ing the same radial distribution of projected area but of several different 
projected area qatios. The vessels selected, by the author were of types 
1 and 3, but of different B. C.’s and ranged from a S. B.C. of .375 to .60, 
from a destroyet to a dreadnought, while the projected ‘area ratios, meas- 
ured outside’'of ‘a. circle of two-tenths the diameters of the 
varied from .6 to (328: 
o Phe: blades were oval ‘with ‘the wiles part. of: projecticat at: 
thirds ‘the radius from the center, while the bladeperipheries outside the 
widest part, measured on the arc, nen, well rounded. 
ships, at trial, were just out of : drydock,..thoto y cleaned. and 
painted} and ‘were'run ‘over: the: meastred mile: in «weather; Each 
tins ‘was obtained by at-least three runs at thé same 
or approximately the same ‘revolutions, two ruris,in one direction: and 
one in the opposite. The highest , point of ci ee curves was 
obtained by fiveruns. & 
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The propellers of all the ships were of manganese bronze, machined 
to a true pitch and to the desired blade sections, which were the same 
for all the propellers and ‘highly polished, 

e trials were run by. competent and experienced: men, while the data 
were taken and computed by trained observers and engineers. There was 
every reason to believe that what were collected: were as reliable as — 
ever, be obtained under actual ship conditions. -. 


Derivation of Design Curves. 


Making the derived data and from it: obtaining values of sounide indi- 
cated thrust per square inch of disc area (I. T.p) of the propeller, and 
corresponding pounds propulsive thrust per square inch of projected area — 

P. T.p), a series of curves were plotted with I. T.p as abscissas and — 

. T.p as ordinates, ‘and intermediate curves for intermediate’ projected 
area ratios were interpolated. 

Curves of ae ee tip speéds in feet per minute (T. S,), ‘bolt of 
propulsive coefficient ) were also laid down, as were also 
of apparent slip (S). 

At one point on each of the established curves of I. T.p—P. Tp a de- 
cided. change in conditions was found to occur, the curve either taking a 
sudden rapid rise or beginning to fall rapidly. 

‘The values of these points in I. T.p, T. S.,.P. C., and S were taken ‘and 
plotted on values of P. A.D. A; (projected area ratio), as abscissas ~ 
and the to the curves that I 


while that for T. 


curves are all shown on Fig. 4, and. the conditions. covered by 
them are denoted “Basic Conditions” and are constant with the. exception 
of the S curve which, it will be noted, is based on S. B. C. as abscissas — 
and not on P. A.=D. A. In other words, each standard S. B. C. has its 
constant standard basic slip.. 
of 2 X of after y of the ship + the U1 w rings ‘ 
the final correction. for hull form already amie. 


“Correction. of S for Varying Values of 21. A. 8. eH 


and 3’ Hulls.” This curve is in reality the same as the'curve of 
shown on Fig. 4, but in the case of Py ee 5, it is ge mg on abscissa values _ 
of 2L. A: B. + H instead of on and the S..B. C. values’are 
marked on it at the standard values of A.B. Has determined from 


Fig. 1. 
has demonstrated that as ‘the lengths . of "ater: bodies’ of 

ships increase or decrease from the standard, the basic: values of S.de- 
crease or increase and, in decreasing or increasing, a law 
be ‘by the following equation— 


I. T.p = 28.41 


where A is 2 X thelength of after body + H at which the basic apparent slip 
becomes zero, while the exponent a depends for its value upon A. The 
lower scale of abscissa is the scale of A upon which the curve of the ex- 
ponent, a, is erected. The,curves developed from the equation for coin; 

ent values of A and a are erected on values of 21. A. B. +_H 
abscissas, the scale being that given on the upper scale of abecisank, Fig. 5 
while the ordinates are values of basic apparent slip, S 

The are. direction curves according to which varies as, the 
ratio 21. A. B, + H varies from standard. Thus, suppose the S B. 
of the vessel be .575. By examination of Fig: 5, it is a that the curve 
A=22.5 crosses the-line of standard at-S:-B. C,==.575 and 
2L. A. B. + H=163. Now suppose the ratio 2L. A. B. = H for the 
vessel in question be 17/4. The curve A= 22.5 is seen to cross the ordi- 
nate of 17%4=2L. A. B. + H, at .113, which is the value of S to:use in 
porns the basic condition of the. vessel's propellers. 


Computation yes Basic Condition: of Propeller. 


To illustrate the method of determining the ‘basic c6ndition of a pro- 
peller, let an example be taken; as follows— 
Suppose the corrected S. B. C. of the vessel be .575; the ratio 2 L. A. B. 
+ H be 17.5; the blades of standard form and 
Let Diameter — D = 16 feet 
Pitch = P= 18 feet’. 
Projected area ratio= P. A. + A.= 4. 
Then from Fig. 4 we obtain following. 
or P. A. + D 


P. 
Revolutions =P XR 


18 X 7480 X .887 
then.. asic indicated horsepower for a) three-bladed 


= 23.45 knots _ 


TD TSX PXL Bp XD 
__ 1480 X 18 X 4.7 X 
ag 8 04s 
and assuming that the shaft horsepower equals 92 cent of the indi- 
cated in well-built and adjusted engines, a figure which experience dem- 


onstrates to be correct, Basic shaft horsepower = S. H, 92 x’ 
I. H. P.= 11,045 & .92 == 10,161.4. 


3. The propulsive coefficient for a projected area_ratio of is seen, 
im eo 4, to be P. C. = .667, therefore the Basic effective hofsepower = 
E. =1,H. P. P.. C. = 11045 667 = 7367. 


: Suppose the propeller should have four blades with a total sone 
area ratio = .453 or a two-bladed one with a projected area a proce 


NOTES. 
gil Blades: 14 to 
bate PA, vals forthe’ four ba and 
equals 3/2 total for ‘two 


The values of T. $. and I, T,p are those pertaining to the Basie 
D, A., while the _bropalsive boethclentts which are dependent upon the total 


area ratio will be those corresponding to the total ar ratios, 
The formulas. for basic I. H, P. become, for four blades 


XD X 18 X 4.7 X 16 


HBO 


iva 
_T.8.XPXL Tp X DX 47 


The basic effective horsepowers now, 


Four blades; E. H. = 12768 X 7280, 
‘Two blades; E. H. 8283 = 5898. 


Should the blades be of other than standard ‘distribution of pro 


jected 
area, other corrections occur which mall. not not allow 
of discussion. 


tees the performance of a vessel and its propeller will be fed ‘te- 
mote from the basic conditions of the! propellér, In such cases, it is 
necessary to have a ready means of converting from basic to actual con- 
— and such means, so far as power is epacerned, are provided as 
ollows :— 


e. h. be the effective required a given for a 


ab 


~ fe fraction of basi peed, 


‘a large number of vessels having hulls’ ‘of ‘such and: 
odie so located that the value of the power augment 

and from. the ¢urves of ‘performance of each vessel obtaini ap I. H. 
required to deliver fractional loads, with the s these 
fractional loads were an and denoting this I. H. P., the 
equation for LH H. P. will, be:-— 


if 


in whieh Che! constant for any given value of 
"This equation may be expressed thins: 


2 
which, ‘by transposing, becomes— 


2 
Gt 
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this value w (Log, V — Log v), by the Z» and, 
several values of it at ‘corresponding 1 fractions, de- 
termine the equation tothe curve passing. through’ these points and. the 


basic point where ene. and, % both equal unity. 
equation will be— 


H. P.) 
e. h. p. 


ortosimplifyit, 
Zy = 1.0414 Log 


for values of ‘2B: Jess than unity, and 4 


= 1.0814 Log 


for values of 


greater than unity; H, P. 
in the first case and additive in the second so that for values of ~— 


H. H. P.— Zp, 
> H. Pip = Log HP. + 


Should the efficiency of hull and ‘such that 
the. size of of the power auament da hs is greater than unity, then 


I. x1. H. 


H. i'w Legh H. P. + lek 


discussed fu eron, 


Problems TMustrating of Propeller. 


order to illustrate all that has been treated in the ‘tend 
problems are hete given, the first being’ the series of vessels used by Com- 
mander ‘McEntee his article on the “ Propulsive Efficiency  Single- 
Cargo Ships” which was, fead ‘before: this Society at its: 1919 an- 
nual’ meeting: 

be hawiever; that in Commander, McEntee’s vessels 
the. ships, were not evenly balanced i in, their lines, the effect of shifting the 
middle body aft having its greatest effect on that vessel having’ the re- 

See shortest after body. .As the curves on Fig. 1 for estimation of 

are based. on “forward and aftér bodies of eqital length; the te- 
ult may be vole ‘under pestonate of S.°B:'C.’and of K in the case of 
‘or more o of the fuller nominal block coefficients, 


tag 
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Problem 1: Vessels of Type 2, Single Screw.) 


it {ex 3 2 19336 
(G28 1,23 1.27 1.31 
C925 813 


D= 161.583 
141.75 
T. S.=6230 
V=14.97 14.71 14.45" 14.01 io 
1.H.P.=51370 
E: H. P. =3575 
S. H. P,=4726 


v=11 

e. h. p.=1160 1200 1260 1370 
p. +E. H. 1324400) 13357 3525 99,3882 


4:2 1.23 1.27 1.31 
P.a=1716 1827. 11 1970, 220 (S69 
Act. Power = 1750 1850 1980 2200 2700 


By .comparison of the: estimated and actual aeaie: it will be seen. that 
- the only ces of serious amount is with the vessel having the ice 


iest nominal B. C., as was to be expected due to the excess fullness of. 
the after body lines. over those of an equally balanced ship of the same 
nominal B.C. This difference existing is, however, too great to be cred- 
ited entirely to this cause; sit of 
There is another explanation for the excess of actual power. over esti- 
mated in the case of the fifth vessel, and this is, in,all.probability, the 
correct one. It will be noted that the value of K in this case.is.1.31 whi 
that of Z, is —.382.. Taking .382— K as the value of Zp. correspond- 
ing to the total work, (load fraction), being delivered by the propeller, 


the value. 


corresponding to this is found from Fig,.6, to be .555. 
Plotting this point on Fig. 7, with » + V = .8076 as ordinate, it’ will 
be found to fall below, the curve of S$ = .2175 for vessels of type 2, slips of 
the second order. Now assume that the existence of a K loss produces 


; § 
% 
2 
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tating The: vate ane corresponding theearve 


2175 ‘ordinate is 8076, is 525, 


of Z» corres this is,.29,.then the increase, 
cavitation is 29 — 382 —.11727) = .02527 and the corr hie, es 
taking: cavitation: into account, will 
Pure = 2723, which corresponds very closely: actual power, 
af) doer 
Now K, undoubtedly does. produce earlier cavitation ; ‘online when 
gre ng upon the design point on Fig. %; itcsshould be so located that the 
. 5 Point, “corrected for K, will, fall well above the basic curve of S 
for the veSsel..| The remainder’: the» in! MeEintee) 
plot above their curve'ofS when toms iK is made; and th 
fore are free from any cavitation. .., 
Assuming that the above is correet, as it undoubtedly is, the supposition 
tank trials ino! indication of ¢a ce 
«mode! pr r ris clearly indicating.“ Dis- 
tot the Colum," a which will be explained ‘late. 


Blades = 
I—S = .9225 
V= 
2L. A. B. _ “ I. H. P. = 2257 
B.C, on A —B = .418 S$. H. P. = 207680 


v= 32 


B. C. on A~Beor. for = .34 


Stet & ila’ 107 to Brot 669 
4 & Vv = 


Slip B. C. on X= 45; 8 = .0775 
“Number Of propellers = 
= * 
-O1g, 32 Dire. qile op isupe ead. gile ipsiagg 


*The data omitted are confidential and therefore cannot be made public. _ 


8 


¢ 
| 
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- Having. illustrated: the -method followed estimating ‘the “power 're- 
quired to drive a bine at any given a sachs tie the resistance existing 
at that. itr f estimating, the reyolur 
tions at whi propeller will turn thése ‘same conditions of es- 
timated power and speed, and _ will be — care of now under the 


16.25 08, = seotw 


Estimate of ‘Revolutions: ‘Under Other than’ Beste Operation. 


Ss. M. Robinson, ‘whom. the author: had» the: plediure of 
calling his assistant during the period of the Great War, by laying down 
curves of revolutions of propellers of standard form with ‘actual speeds 


athe: water as. /abscissas, derived curve .of exponents, 
which the equation is as follows :— 


iv 


q. 

ok Was also erecked on abeciesas ‘ath values of 
-9/Thelequation: for apparent ‘slip at. any speed was found to b 


“00% 


rot 


eisitt Anet fohou 

Log s = Log S — Zp + Log Ay Log Ay when K -< 


Now let Log Ay - — Log Ay = Zs, and plotting it on values of ag shown 


Zs = 2.861 Log — 0788. 


This cur ve feaches the value Zs = 0 at a value 


this value of o is retained at least until reachied.’ Beyond that the 
queition of cavitdtion enters and certain may occur, 
upon the values of the corresponding 


lip, wh Ke=1, ‘be. 


Log $ Zp + Zs and when Zp. Zs 


of load and corresponding speed: when 7 


= or for 


ap the apparent slip has become equal to the basic stip and the pro- 
pellera. are passing into the cavitating zone, with 


= 
ly fraction 


_ the method of eatinating revolutions when: 


ov 


subjects’ of ‘estim f tic 
it jee note, that covered ine a 


above probl as tent w et, in the deri 

‘processes of estimating ‘normal conditions having ‘been 

plained, it is now necessary to take up the same subject under Fe ndbiog 


conditions of load, which abnormal “ah peg are ee under the gen- 
eral head of— 4 


ling otedt Mid it 
Tt has “shown gen vessels can ‘be divided into general 
ing to, the form of the after-hody lines, They may also.be 
into oom according to the values of the basic slips, namel : 
Vessels; having basic slips* of: the! first order,’ 
having basic slips of about: 13 per cent and ‘lower. 
08% Vessels: having: basic slips of the second: order, -which : inelade’ ‘al 
vessels having basic slips exceeding about: 13 percents): 
o These distinctions aceording to basic: slips are’ with 
igs ‘in: order to expla them, attention: ‘is to 
6and:7. 
y years ago, on the the ‘British distrojes Daring, 
culty: was experienced in obtaining’ the ‘contract: speed, due to failur 
the: mer such: failure acconipanied by heavy ‘vibration. 
difficulty was finally overcome by increasing: the “projected'area o of - 
propellers :to large extent. “After a thorough study of the 
enon, Mr,''S.: spent of: Thornycrofts, ee the theory th 
failure was a-lack of flow of water to th by 
supply head,: this failure resulting:in 
in the, water in which: ‘He: 


* ws to wer wit fant 
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“ Cavitation’ to this-action and: fixed limit of ‘effective’ thrust; ' 1114 
pounds per, square inch of projected. area, as that) at»which) cavitation 
could be expected to occur. Later experience has demonstrated that this 
limit is not correct but that: it’ upon the\.projected area ratio; the 
higher this ratio the higher the effective thrust before ¢avitation happens. 
Taylor supposes that both tip speed\of* the ‘propeller and effective thrust 
enter into the.solution.of the problem. By, inspection of Fig. 
of design, it will be noted that tip speed increases with indicated 

and with effective thrust asthe projected area ratio increases. It is a 
a fact that, in changing from the basic conditions of resistance, oak 
powers the indicated thrusts vary inversely as the tip speeds. 

fore, with’ a vessel loaded down beyond the con- 
dition the tip speeds will, as a rule less than the designed tip ‘speeds 
and yet, as experience has taught, “ Cavitation” may occur; 

It is not the intention of this paper to advance any theories as:to cav- 
itation, but rather to Have the ‘student form his own theories. after having 
had pointed out to him the various phenomena that actual “Performance 
data have shown to oceur. 

For ——— in discussion, the phenomena encountered where the 


load fraction £B-Be j is less ‘than’ unity “will ‘be spoken of as “cavitation 


of”: or “dispersal of the thrust column” of: the propeller, while for those 
phenomena met with where the load fraction exceeds unity the term 
“ cavitation of the suction colu ‘of the propeller will be employed. ~ 


Dispersal of the Thrust Column, 
has alread stated that vessels can. he divide 
eal ing to the Magnitude of ther: asic slips and that. Soe ee of, type 
exhibit the variations due to changes in this magnitude 
“Turn now to Fig. 6. Without cavitation, it has.alteady been pointed a 
“stip ner than, con- 


Wo 


that to obtain the value of the ARETE 

ditions, the Mi 

oft Bax 1088, doidw beol to esoitibnes 
ip baad 


s= S + K. +)\Zg — Zp, where Zs is taken from curve 1. 
Wi hulls o type any, given of load. fraction there will, be 


a corresponding value’ of speed fraction which the’ quality of the 


wake will, thange: ‘materially in ‘the: cases: of types2, sieving 
basic apparent slips of the. first:order; two‘ will:occur and there 
will,be two corresponding values of v'+ V. . The: first: change with such 
vessels will be from:a basic slip:of.the first order to one of the second 
order, while the second. change will be from slips»of the:second order to 
cavitating slips. The first'change will) occur :without: logs of efficiency of 
propulsion when the value of K equals unity, When the value:of K is 
gteater than unity, the change of slips will be accompanied: by an ‘in- 
crease in value’ of Ky and:all the:‘phenomena of ‘cavitation »will: occur. 
When. K equals unity the change will ‘be: Tapid 
loss in efficiericy of propulsion: : 
“When the first’ change occurs, +63 it’ were: what: the new ‘basic 
to be, it:could be inserted in the equation for apparent slip in place 
ofthe original: basic S, and ‘the values of Zs be taken from curve 1, Fig. 
6, as before: place of making this of ‘basic’ slip; available>data 
have:given the curve' marked: 2” ‘from ‘using the value: of: the orig+ 
inal basic S, the new values of Zs are taken. 


4 
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For this curve of Zg ; the» values of g:vary as (= 


_ Now. assuming. that» when the actual’ appa at: th load 

fraction reached: the: value of apparent ship ions! a 

on :the verge of 2) 929: bes 

s=S, 


Turn powite Fig, 7-.-The absciesos.of this, are. values of 
tion, while the ordinates.are values. of speed fraction The point 


which the 
low od bina! 
ous wits atts we sony tite on T 
onal intersects the ordinate 1, and in by. inwhiehe.t. 


‘actual effective thrust while E..T. is the basic thrust of ithe: propeller: 


down, the curve hich 

A, will follow the law— 


I. P.p or 8, H. P.p as 9:09) Tog 


noltatives to 

of any point 


basic slip, s, the corresponding value of the ordinate £-7 andthe 
value of Zs for taken from curve Fig, 6, 25; NG PANS vite 16 


from \ assumed val with corresponding 
ue of be found a curve of of 8 tor ‘series of vat 
ing a series of values of for any value and it founa that 


tative 


mately 2t per a “when t the value of S will. ‘become constant for any fur- 
ther decrease of 


f 
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The values of the valnes of at which the latter becomes cont 


stant are the limits ati which the from:: basic 'slips the: first order 
to. those of the second. order: occurs, and’: this: statement» 
the data available. The curve of these slips is shown:at:the lower part 


Fig. 7, while the limititig curve of is shown, ‘marked B. For type 


and type 3 vessels, db does not occur, an.can be at 
Sirneakie Zs is taken always from curve 1, 


wo types and type-2 of first order of Siphon slips having K =1 
pass oii'down to values’: Fig. °7,) before genuine 


“Dispersal of the’ Thrust prwith in efficien 
encoutitered: ave heen’ determined: from 
ances of a four-shaft y steaming with only one, fignt cofrection 
on éach side’ of the ship: the | die propellers pre ly a slight 
having been allowed in the e. h. p. curve of the vessel for the Nacieasd in re- 
sistance|due,to these idle screws; The actual increase occurring is one that 
should be solved by the! Model Tank. 

Turning now to the hulls of type 2 with basic the 
second: only, chatige occurs in the slip cori and’ 
change from sili the second order to those of cavitation, These aux 
to-those of ‘types 1; 3, “and of 2°when origitial “slips 


ate of the frst: order, lets than those of curves, on 
du to the increase in power demanded by the cava 


"As the curve B is or, given by the sip 


it is assumed that a 1g change from ps of the second order to 
those of cavitation will occur at values of as the ratios 
rest of B cu ) p10 to < 

and by ssmming different valpes of, these, eli ofthe 


ond order, curves of cavitation limits varyhig from S= a7 down ‘to curve 


(Wien tia foe 26 per cent, the value 
of Zs for any of taki iguré’é): 
When a vessel’s Hers enter into cavitation of the thrust column a 
change in conditions these are expressed by the. 
t I. = total includi loss 
e. P-c = load fraction c rrespondin to 
elanps ot ini ordinate » Fig. 7, ents 


q 
i 
4 
4 
. 
4 


ni diod sot A to zonley seodT 


Se slip at point and P-c 
pat 


1H. P.a X 
P. 
Zse _ = Speed factor corresponding 
bog 


101.33Xv 
This correction has not been applied in this article lacuanl been). 


For hulls of type 2, curve B has been checked by the performances of 
submarines‘of the’Hdlland type} while ‘the! curvés ofthe second 


- order have been checked by submarines of the Lake type. These two 


t of their propellers. Vessels of the Holland type require the 


Surface draught!in obtaining‘the S. C.. while oily one-half 


types lare radically. diffetent in(the forms of halis arid jin the ar- 
of 


diameter of the hull is used in determining the ratio 2 L..A. B. +H, and 

of the. Lake* boats, ‘while e S.UB. iC, in the sathe manner 

formes value than one-half diameter of 
‘aft 


in obtaining-the ngth tatio ; ity fact,for both- types the 
In 


above 3. height of of the Point of the stern 


This result preter val y1 tio of the 
Holland than, fo for fot the af tex the basic 
slip val ue to position o f the propellers in relation to the hull 
to form ‘of hu Lal boats have’a ing value 
epending upon the e quals or 
speed. For all lengths of vessels ye the. Helland type Operageg on the 
surface, K has a constant value of unity. 

When vessels of either type are running submerged it es. neces- 
sary to bring the diving rudders into "pletion in order ‘to niaintain 
proper balance, and the additional resistances introduced by resistances 
of the diving rudders appear to vary with the speeds, disappéaring en- 
tirely at; 10 knots with boats of the Lake type but reappearing, at speeds 
above 1@ knots. With vessels of the Holland type, the resistafice' due to 

ence of the diving rudders appears to reach a m um at 7 
in its effect on K un knots is 
reached, whem it begins 

In both types of value K at any loud appears. to 
‘upon the length of boat; in the case of the Holland boats, K in the sub- 
“merged condition acti — when a load-water-line length of 200 
feet has been reached, while the Lake type the value of sande is not 
reached until a load-water length of 230 feet has been: attained. 


| 
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our elsezav oqyt Surface: sit otatientti oT 
brs step br 1992 to fe at teabWo ant to agile sey 


- 


117 | 113 108 114 129 1145 
1145 | 442, 1 038 112 | 128 | 135 
1125 | 1 097 | 1 066 | 1-033 | 4-00} 1 105 | 1 148°} 4755 1.2184 
1 108 | 1 082] 1 085 | 1.03 | 1 | 
1086 | 1 068 1.028 1.148 | 12 
1 047 02s | 00} 1. 063 | 1075 | 1.1 
1 


Ablow =1.12, ha tee may pomily api in 
ing 1.22 at 71.19 and rising rapidly. 


Holland Type. 
Submerged only as | for Surface, 


$395 | 4,395 
1.25 | 1.25 1,25. 
1,06} 1.06 4.06 | 1.03 | 1.025 
4.01 | 1.00 | 1.00° 1:00 | 1.00 
-200| 1.00.1 1.00 | 1.00 | 1.00. 11.00 | 1.00 | 1.00. 


hi ‘K's not true power Ea ‘but are genuine variable | 
aacktnt er) and therefore are not treated as the K in Problem 1, 


7 i 
270 
| 6 8 | 9 | 10 | 405 | il 
q 
| 
1.25 
1.07 
1,0 
| 1.0 | 
1.00 
1.00 
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To illustrate the occurring-with type 2 vessels with true K = 1, 
in passing, first He changes of first order to slips of the second “— bo 
from slips of. the second order to cavitation, analyses of the 
formances:of two vessels ‘are ven : The: first: vessel used is a Holland 
submarine having a basic slip o the first order, the: problem being di 
two Surface condition ; (b)_ submerged condition : 


1—S..,..... .875 


= .125 | eee 


Surface Peformance | 


q 
3 
q | Seis b.s7| 4) |) 4.99 166. | 
$02 | ~1.0414 +77 | .125| ,0669 | 182.5] 182.5 | 
q | 1626 [18.5 | 985] - 291 | 2697 | + 070 | .425 | .0863 | 328.3] | 
4 14:20, | 928 | 19,36 | 996 | 1613] 4] 3006 | | | 348 
90 | 2736] 20.5 | 980) - 04677] 4022 43734 3785 


NOTES: 


$.0S |. -1.667 


2% a kage 
4 (196-2 209) 1) | 
8.06] . 1.0414 1 | 408 364 +$1.275 | 1425] 
1 
1 


, 


Unfortunately, in case f this vessel no,meas ft horsepower 
on the surface in the ca vesse ne driven of shal engines. 


thesubmerged dition motors were the propelling units. 
tion is gall to tie extremely were the propeling 


from thosé' of the first ‘to: subinerged 
condition obtained’ measurements>-of electric 
input and yoltage to the motors and the resulting K.°Wy-transformed to 
= fig by’ the* factor”. 746,29 The: SoH» Pais’ seen 
ofthe actual and this excess” estimate is: ac- 
mpanied by an excess in estimated’ revolations over the actual. Should 
power at ‘the ‘hi isabm: the 
‘df revolutions for that® the re éstimated ‘revolu- 
264.1 instead of 267.1. awollet es 
Just’ Gistusséd ‘Hasan: ‘suet! form’ that lit is 
alriost' at’ the. between vessels f type 2 andiitype 1, and the 
e 


character and qua wake are so g ¢ there, is, no augment 
of power, that is, 


» ves vessel! te: cine of: of clipe the. first. order,-but with the 
character and quality of the such that K is in excess of umtity, - 


becomes, ent. t Vitation, the 


Sulpposé inthe case-of auch.a -vessel.e series of: performances be taken 
whic the et lod faction cota, bat the peed action 


thet” 
Log I. H. P.a = Logi. H. 


that is Zp, is the gross load ithe, ‘propel W sen de iveriug the 
lad 9:3 power Cll the gros 


123 
bit 
152 131 8 | 129 
| 306 | 166.3 | 161 
203 
238.5 |; 
| 
E. H. P 
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When Has decreased untif'it® reaches the of the ordi- 


nate at with the cavitating ‘curve of the basie slip 


order, cavitation ensues and K chaniges value 1.26. 


The for. power then becomes 
hog = Log I, Hi'P, | | 
As the: value still’ decreases, call the value of the joad factor cor- 


othe pot on! the cavitation of whose: 

Log L.A. = Log I, Log Ki — 
= Zpg, therefore 


2 ot JT iBT. 
where Zs is selkemi froen! Curve. Fig. 6, ‘putas! soon cavitation curve 


ofS is passed, while the equation remains the 28): 
be taken from; Curve 2, brs etotom: oft of 


now to the second’ vessel, which is of the type pe, the ran 
of apparent slips. of the second order is. entered... In. estimates 
lutions both in and out of cavitation; the values of Zs, ei takem from curve 
1, Fig. 6, but in the estimates of power in the; ber called a corrective 
factor must be introduced... Let this. |\Ki,, Its 

found as follows: Las { 
‘Turning:to’ Fig. attention is, called to two, points. , marked Zp, one 


and} Now for either of these points to‘ind the valu of Ka, take 


the vatue’of here this sdine vatue ot the 


cavitating thrust curve for the basic slip S the ‘vessel. for 
sty Wal ‘ee then’ ena Peol ter off doitw ai 
EHP.” 


sil} to 


Log S. H. P.a = Log SS. H. P. + 
and, by transposing the equation, gol god 

Z, = Log S. H. + 2Zp — Log S. H. P.— Log 


is obtained from which, when the actual power and load fraction are known, 
the cavitation loss.can be closely a proximate 
Iso, by’ transposing, the idti— ei ted 


from which the load fraction corresponding to Zycanbe 


BAY 


Bis 
if 
4 
| 
“4 
is 
4 
4 
g 
q 
q 
4 
4 
4 
a 
d ~ 
4 
4 | 
4 ; 
q 
| 
| 
q 
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oof = 16. gays 10 SOARES ier 


PLA 


B.C on I. Tp... 


ors 


122.9 
163.6 
206.6 
248.7 
296.7 

a6 | 339.6 | 345 
25007) | .185. | 367.9 


The power data for the 17-knot point are doubtful as there en ane ‘way 
of measuring: it; and’ ithe: bralie-test) the! revolutions: was 
i stémites sir bows ides HH ot 


1.08 
1.032 
1.00 
1.10 


L. LW. 
B.C. on A= 55 | 
S. H. Pa Revs. 
«Bat. | Act. agrk- 2? Est. | Act. 
6} .0253 | 1.667} 1.06 | 80.4 
8| 144] | 1.32 | 1.062] 1762; 
268) |, | 309 4 
12] (1873 "| 1.037 | 639 
1050} 443° | 1.10 | 1684 ; 
17| 1360] | .25 | 1.13 | 2239 
H. Ps Revi 
; | 100 | | | | .05 ast |... .. ms} 422 | 139 |....... 
6 | 140 | .0SS12 | 1.31 | .3217| .067 }...... 186 |...... 225 2482 | 145.9 
264 | .1114 .983 | .4289 | .089 | 1.08 473 | 464 206.6 203.4. 
474 | .7279| | 996 | 255.6 | 253 
12 | 774 | .3265 | | .6433 | 1543 | 1628 .2842 | 306.5 | 303.5 
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q Neither of vessels C and D was:employed in obtaining the curves of 

a design but, unfortunately, due to > lack of reliable data, the both formed 

i one of several vessels used i in obtaining the values of K for their respec- 
‘tive types. 


Still vessel, but this of type 3, iven as an illus- 
tration’ for ‘that type. nie 


= (517 


905 = 4763 » Actual LHP = 1208 


Ra 
Act. Ra= ty 
q vessel, was not used in in obtaining any of the design curves. | 
To illustrate the method to be followed in making an estimate of the 


effective horsepower the I. H. Pu or 
Ss. and the speed take up ‘the “ease of 
4 vesse 


Vesset, F.—Hull ofthe dreadnaught dard 
of. appraximately 13 per cont. | 


x 


q Hull. Propeller. | 
7 LW, 168" Propellers ........ 1 
B=36' of blades...... 4 
4 B. C. on A—B= 18,01 
B.C. on A— B cor. for 
Orm..........9tandard 
a 
E 


i 


P.C 
E.H 
S.H.F 
v: 


Th ‘the above calculations— _ 

2Zp== Log S. H. P.— Log Pat 

“Whas been stated that with vessels of types 1 and 3 the transposition of 

from curve 1 to curve 2, Fig: 6 does not occur. This statement re- 
pea modification because it does happen when what may be called “ in- 
ced cavitation” occurs. By this term is meant cavitation which is Pro- 
duced by. means other than the conditions normally governing the, per 
formance of the propeller. It is frequently encountered with ok of 
the ‘destroyer type when propeller struts have been so constructed and 
fitted as°to increase the squat’of the‘ hull to produce areas:of reduced 
pressure in the, wake of the struts, the propellers working in these areas. 
In such cases the value of Zs gradually passes over from curve 1 to curve 
2, the departure from curve 1 for vessels of 310 feet L. W. L. length 
occurring approximately at a speed Wwe. and arriving 
curve 2 when y= 1,92 L. 

To illustrate this phenomenon, the rae) idk’ a destroyer i is given in which - 
the shafts were carried by two struts each, the axis of the lower -_ of 
each forward ‘strut being parallel to: the: base line of the’ vessel, while the 
axes of, the lower. cP of the after ~“~ were, inclined downward at 
the. forward 4% degrees, 


» 
86. 6.8 == H 
5 15 
16,760 15,760, 18,760, , 18,760 
e. Pa v 
1.25 .94 .27 
e. h. p. +E. H.P... 442 


= 9.583’ Form .:..i.... Standard 


ee 


B.C. on X= 
S= 21 


U2 = 1.92 300.5 300.5 = 33.44 


946 | 35.52] | | 4900 | + 70} | | 84.5 | 252 | 
4.6566: |) $102!) 3100; + 435 2070 | 
iy 
50 
4 
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Hull. Propeller... 
L. L. W. L. = 300.5 Numbe 
4 B low 
q Nom. B.C.= 
q LWA. B. = 150.25 13,330 
2L. A. B. 
B.C. on C—D cor, for —= 271 39.33 
| P, 5 
| 
| 6628 | 26.15 | 8917 | | 1 | 11496 11800 | + .105 | 1848 | 475.5 | 476 
q | 22,451. | 4 | 19143,| 49100 | + $07.2 | 508 } 
1.05 | 9935 | 29.94 | 1.021 | 0.0221 | 1 | s744s | 17400 | + 05 | | $00.3 | soi | 
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*Zs taken on straight line passitig over from oo on curve 1, Fig. 6, to 

on curve a; where curve of £-0--P-.— © crogges ordinate of unity load at 


with Zg = o Fig. 6.. The change of the Zs condition does not change so ab- 
ruptly as is done in ing the estimate, for inspection of the actual revo- 
lutions indicates that it begins at about 23 knots and changes gradually 
until at 26 knots it has taken its position on the pass-over line used in the 
estimate. 


Cavitation ‘when Is Cheater than Unity." 


When the load fraction exceeds unity, the laws governing the action of 
the propeller, both as to power and apparent slip increments, appear to 
change, but the.changes occurring appear to be dependent upon value 
of the speed fraction at which the performance plots on Fig. 7. 

Should the performance plot‘on or above the curve E, Fig. 7, and at a 
load fraction exceeding unity, the values of Z, follow the curve marked 
5 on Fig. 6,’ while should it plot below the curve’ E, the value Z, follows 

curve 4, the equation for curve 4 being— 


while that for curve 5 is— 


Should the performance plot above of Za the, garve 


3, which differs slightly in equation from the cavitation curve 2, Fig. 
the new equation being— 


Should it plot below E, the values of Zs; for values of -7- greater than 
.9385, become zero, the increase in apparent. slips being apparently inde- 
pendent of speed but entirely dependent upon power. : 

In order to illustrate these phenomena, the performances of ‘four vessels 
the first, H; having been used in of 

esign curves, vessel I, a reciprocating engine destroyer plotting 
E i, a destroyer plotting below E; vessel K, a dreadnaught 
plotting below 

The trial data of vessels I and J are not of the best as the propellers 
of I were cavitating heavily, producing: excessive vibration of the és 
and affecting the clearness of the indicator cards, while with vessel J the 
starboard propeller and torsion meter readings suffered badly through 
cavitation” of that..propeller,,, port propeller. , running 


: lower ‘than - = 1 (Fig. 7), Curve 2 becomes a horizontal line coinciding ; 
9 


Hull. Propeller. 


umber of blades.... 3 


B.C. on C—D corrected fort = =.492 5 2,498 
A B= 18.88. ci. cet chiod ort 
) H. bee 16,492 


* Est. | Act. 


9.5 
10.45} 
6 
“15.05 | 
16.45 
17.7 
18.92 
19.76 
20.8° 
21,24 |, 
21:48 | 008 
18062 | 21.62 


OB 


mous range of load fraction and large range of speed fraction through 
which the extends. 


4 te heol 3 
4 ert heen 
4 
q 
a 
a { Revs. 
0747 1.1718 | 1670} 1600} 41/09} 435] | 49.1 | 52 
4 09987 -1042 | 2251] 2200) + .8 | .135| 07742] 58.12] 57.5 
4639] 4800 $02'| | '08023'| 73.69] 73.6 
‘| 2987 — | 7054] 7125 1+ .346 | .135 | ,08538 | 84.43). 84.5. |. 
3983 — .415. | 9538 | 9300 |+ .235 | .135 | 08919 | 92.66] 92.5 
4978 — 314 | 12035 } 11600'}4 .145 | | .09148 | 99.96 | 99 75 
5974 — .233 | 14503 | 14625 |+ .07 | .135 | .09275| 107 ‘| 106.8 : 
4618 } 17098 } 47200 ,09679)| 112.3) |. 412.1 
7965 — .1012 | 19645 | 19600 }+0 | .135 | .1069 | 116.8 | 116.2 
8961 "| 22008") | | 121.4 | 120.2 
| 24740.| 2520040. | .135 |. .1347 | 125.9, | 124.8 
11 os + .086* | 28213 | 28100 |+ .023 | | 129.9 129.2 | 


“Propeller. 


B. C. on C— D corrected for 


16 
18° 
| 20 
22 
2s 
26 
28. 


The performance of this vessel’s propellers enters the overload zone to 
a greater extent than any other of which’ the records are available. The 
maximum. load fraction attained:is: 1.84, while the corresponding ‘speed 
fraction is 1.249. The ratio S..H, P.=.92 I..H. P. probably does not 
exactly fit this case as the main air pumps were driven Mm! the main pro- 
engines and. of the power ed, by 
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VESSEL 1. TYPE 2. 
sit Of vitzotib 19704 
: LH.Pa Revs. 
Bat. | Act. ta. | 
2789 | 787}. .3133| +1522:| 1090 }...... 188.9 | 184 
.8767 | 1287 | .$123 | —.298 | {825 |...... 216.4 | 220 
|1978 .7874 | =.105 | 2847 | 2750 249.4] 255 | 
& 1.052 | 2881 | 1.147 | +.09 | 4460 | 4s00 292.6 | 296.5 
1.096 | 3297 | 1.313 | +.18 | 5487 | ssoo 313.6 | 313.5 
1.14 | 3738 |-1.488 |-+.26 | 6597 | 6500 332.6 | 324 | 
1.184 | 4193 | 1.669 | +.34 | 7931 | 7600 385.4] 342 
1.227 | 4474 | 1.781 | +.38 | 8696 | 8750 364.5 | 368 | 
1:249 | 4622] 1.84 | +.4 | 9106 | 9300 370.3 | 374 
' 
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VESSEL J. 


This vessel is a pee: fitted with turbines connected directly to the 
propeller shafts; The revolutions are high with resultant high tip speeds, 
while the effective thrusts delivered at 35. knots were also very high. The 
blades of the starboard ‘propeller had been injured by striking something 
and were run in this injured condition, with the result that the perform- 
ance of. this propeller was extremely erratic. The port propeller, how- 
ever, ran smoothly to the end of the trials, and the power data taken 
from.this shaft were consistent. In comparin fs estimated and actual 
performances, the ‘actual power of the port sha has been doubled for 
the total power, while the revolutions X that shaft have been taken as 


the normal revolutions. “a 


: 


Propeller. 
W. L. = 310 Number ........... 2 
B=30.7 Blades” ......... 
B=+L. L: WoL =.99 
Nom. B.. C.= 476 7.42! 
H+ B=.298 P. A.+D. A....... .648 
A. B. => + H= 33.89. 
S = 222., Sis, eee eevee 
525 


| 4.0682 


vith 


These vessels at’ about at’ tlie? struts 
are properly’ located so that no eddying with consequent reduction of 
pressure occurs, an increase in wake over the normal is generally encoun- 
tered, resulting in a slowing down of actual revolutions below the esti- 
mate. The tip speed of the propeller at 35 knots was 16,050 feet with an 


effective thrust per square —_ of projected area of 16.9 pounds, both 
figures being exceptionally hi igh, 


4 
a 
7 
q 
q 
12} 430 | | 03147 | —1.53 | 1] 707 |. 800 | 41,255 | .222 | .1179 | 185.7.| 184. 
16 | 1050 | .4858| 07685 | ~i.14 1| 1735} 1800) + .894 | .222 | .1260 | 249.9 | 249.9 
20 | 2210 | $697] .1618 | | 1| 3624) 3900] + .62 | .222 | | 317.4 | 310. 
24 | 4700] .6837| .3440 | .481 | 1| 7910] 8300] + .388,| .222 | .1792 | 399.1 | 389 
q 28| 8600 | .7976| .6294 | — .205 | 1| 14934] 15000| + .2 | .222 | .2198 | 489.6 | 468 
32 | 12970 | .9115 | | — 0221 | 22785 | 23000 | + .082 | .222 | .2271 | 565.1 | 
34 | 15100 | 9685. | 1.105 27695 | 275004 .222 |, .2594 | 626.6 | 693 
6200 14.186 1 |) 28953 
4 
‘ 
q 4 
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This essel is of the and has 
as, by plot her. below, CUEYE: 


Standard 


B. -D corrected for 


coments 189,196, 


‘1.0 2654) 2 
1.0], $463}. 

120 
182 
1.0;| 20138 | 
.0477 | 1.0 | 26489 | 

y paras | 28187 | | 


075 


‘Concerning the efficiency of propulsion, results of trials indicate that ; 
with type,1 and probably very fine type 3 ships, where the Bia ee 
greater than the S values corresponding ta curve B, Fig’? 


is 
gradual increase in’ in passing fromthe tipper ‘curve of S to B 


ata data omitted are confidential ‘and therefore be be made public. bortist ~ 


bees yori tar hat ad ot seod? #8 ab 3992 


LL. Number .............4 
4.2 16} 1431187] 199.59) 
52 16) 149) ats dis 
87 46 | 257-4259 
108 274) 274 
1 46] .471 288 | 288 
4 176" 302°} 302 
17. 082 324: | 326 
18459 | 21.3 | .8848 | .0221 | 1.0] 30720 | 30000 6'| :200'| 331 
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and then a gradual decrease une the. cavitating curve for the basic S is 
reached. However in making the estimates of performance, this hog 
increase should be omitted: ‘carried as much possible velvet.” 

maximum gain is probably reached with basic’ slip between 21 and 22 
per cent, becoming practically zero with those basic slips for which’ the 
upper S curves on Fig. 7 approximate closely to B or are below B. 


WAKE GAIN AND LOSS... ¥ 
Before “up of design, there is one ghenomenon met 


‘with to which attention should be called, and this is the effect produced by 


a change of wake which may occur due to the vessel altering her lines of 
flotation. This variation of wake may be due to a change in trim, caus- 
ing af‘increase in wake duting a poftion of her career, but the wake 
usually | Legge to normal after an: upper limiting speed is attained, or 
it may be caused by the vessel lifting bodily i in the water, naeg! se its 


submerged fullness and:jtending to -plane. This: latter 


panied by a heavy decrease in wake and a corresponding en aie ae off in ef- 
ficiency in propulsion. 

Vessels which ‘slightly alter their trim at, a speed depending upon the 
ratio-of v to L, L. W..L. may accomplish this change i in trimewithout 
an increase in the wake, a vessel is vessel H, while another sip . 
similar. type may show a « ed gain in efficiency — this period 
increased wake due to J resulting increased thrust of the propeller = 
duced by the increase Vike ke, Such a gain is spoken of as “ wake gain.” 
Such gain is shown by vessel'L, following. Vessels H_ and L have effec- 
tive horsepower curves practically identical in form. Both show a slight 
hump between 15 and 17 knots. “The performances on trial of the two 
ships were radically different. "The writer was aboard both of these ves- 
sels and noted that vessel Hj; which was the lighter and smaller of the 
two ships, after passing 15 knots developed a very peculiar vertical vibra- 
tion. which gave one the impression'that she was trying to break her back. 
This vibration disappeared after passing 17 knots. Vessel L, on the con- 
trary, passed through the range of the hump smoothly and with a total 
lack of this peculiarity of vibration. Analysis of the performance of 
vessel L, shows that when the estimate’of power and revolutions‘are made 
for :the speeds and effective shorsepowers obtained. from the model tank, 

e seroiutass obtained agree with the revolutions corresponding to the 
actual speeds corresponding to these estimated powers. 

When a-vessel ‘lifts bodily in the water and begins planing as she lifts, 
the model tank curves indicate a rapid. decrease in the increment of in- 
crease of the resistance. Should the éstimate of power required be made 
for ‘the €.h. p. and spéed given on'this curve of deflection, a bitter disa: 
pointment will be encountered, Rather, the,curve before inflection should 
be extended by means of a batten and the v's corresponding to this ex- 
tended curve of e. h. p. will be the actual ‘speeds obtained using em 
model tank ‘curve! of andy, \After planing is accomplished, the 
wake. gradually increases to normal as the speed is increased. . 

Gain by possible wake increase should never be counted on as a cer- 
tainty, but hs tie wake decrease should always be allowed for. | 


i ese os there are also given 


umns of the actual with corresponding revolutions, ob- 
tained by fairing the hump out.of.the model tank curve eh the 
new speeds as those to be expected rather than those used in 


estimate. 


| 
| 
| 
: 
I 


9,0 
ay? 
wog 
st mid smeld of bik seiriveds But 


ett 


sy to 


In treating this subject an attempt will be made to be as brief as pos- 
sible, confining the discussion entirely to the precautions that must be taken 
in deciding upon: the initial point of. the design fhe used 


(409) de, Determination of the. Design Point... (a) 


ta supplied ignen order to defermine u proper 
to meet set of come one/of three 


‘orms 
ffecti for this’ 


2 steady £2) 
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.2 | 4812} 13.86 | .6415 — 7279] 1] 6439] 14.0 | 6550] +.46 | .135| .0729| 135 | 129.6 
.3| 6768 | 15.75 | | .saas| 1 | 9822 | 16 12 9850| + 305| 135 | 0778'| 154.4 | 151.3 
| 88788 | 20.08.) .928 | 1613 | 1 | 29796 | 20.34 | 23700 | + O15 | | 0964 | 200 6 | 198.6 
20.7 “9881 | .1009'| 1 20.85 | 272501 0 | .135| 107 | 209.6 
DESIGN OF THE PROPELLER. 
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2. Effective horsepower curve for the ship, designed power of the 
engines and revolutions of the propeller at this power... 

a Designed power of the engines and revolutions of the propeller, de- 
sired speed of vessel. 

With each of these are supplied the hull characteristics of the vessel, to- 
deve with distance between. center of propeller hub and skin of ship or 

ween center of hub and limiting dimensions of the propeller well, 

When data of form 1 are given, the problem consists in determining not 
only the characteristics of the oropeltte but. also, the engine power neces- 
sary to drive the vessel at the required speed. 

When data of form 2 are given, in addition to the characteristics of the 
propeller, the maximum speed of vessel which can be obtained with the 
designed power of the engines is also determined. 

Finally, with form 3 data, the propeller designer is in the hands of the 
naval architect. So far as the designer ‘of the propeller is concerned, the 
ship — or may not make the desired speed with the designed power at 
the: designed condition ‘of ‘load. He: can only feel confident that 
will make it at some load condition. To ‘call on him’ for a uaranteed pe 
formance is, to say the least, an absurdity, and to blame him for failure 
is to carry injustice to the extreme. 

In selecting the point upon which to base the design, Fig. 7 is used, and 
the preliminary point or points taken. will depend upon the type of vessel 
and the derived basic slip of the vessel. The point or points taken should 
be at sufficient height above the cavitation curve for the basic slip and 
the value of K as to insure that for any. probable increase in resistance of 
the hull, due to deep loading, foul bottom, or ordinary heavy weather 
conditions, the value of v-~- V will not-be reduced to such an extent as to 
lower the rag point below the:curve of cavitation. 


Ratio of Pitch to Diameter. 


‘ne Kas ‘celta del not it 
recommended that.a lower value of about .75 be taken as a limit, 
conditions may arise where it will he found necessary to go even oe 
than this value. The curve E, Fig. 7, need not be adhered to rigidly as 


the upper limit of design, but this limit and the maximum limit of -% 


used for the of should be regulated by the values ‘of 

P=D and of PD, A.+D. A are obtained in the calculation. It is 

undesirable to use a basic walse of P. A.+D. A. of less than approxi- 

mately .23 on account of me bluntness of blade sections which result-with 

n (number of propellers). . n Const. 


eh, H. iractiong 


Val. 1 “Val. 8 (Variable) 


5 (Variable) 


7 | 
i | HP. 
j 
- 
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diameter D D (Constant) 

12) P.A.-+D.A. (for (11) Fig. 8 Variable) 

(13) 4/3 (P.A.+D.A.) = (Total : 

area f Q- ‘8 (Variable) 

(as) (propa coef. for (12) (Variable) 


(Variable) 

an P.=92xI. H. 
shaft t horsepowe 


ent beagie@ t 


(Variable) 
Ss factor for » Fig. 


—s) )=Est. revs. 3 (Variable) 
Should the revolutions obtained be tela than jain desired ‘and a 
ratio of P+~-D exist, the revolutions may be increased in two ways, 
of which produce a reduction in efficiency. 
a) Retain original diameter and increase. values, of v+V. pig 
(b) Reduce the diameter and retain the original values of y+ V. 
y the (a) process, the projected area ratio will be increased and the 
vale be reduced, but the safety distance above 


values of the projected area ratios will be in- 

creased, P-~ D will cotistant will iticreased, while the 

safety remains as o 
(c) A, third be used} that i is, the rise above the orig- 

inal point may be made keeping the effective thrust constant. This 

will maintain constant projected area ratios, reduced efficiency, decrease 

s and increase in’ revolutions, but the not 
be so as in (a). 


‘ 
’ 
. 

5 i 
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“Should revolutions obtained be higher, than those. desired, follow - 
the opposite course to (a), (b) or (c), and the effects will be opposite. 
Care must be taken to preserve sufficient safety clearance above the cavi- 


» Form/2: Data as per (2). 
v range of 


(variable) 

et. 

2 


peller (Variable) 
siProceed as in form 1. Shouid the for the designed power 
be greater or less than those desired, proceed as in (a), (b) or Ag 
he expected speed will be that corresponding to the designed’ power 
and revolutions as Te by the calculations. 
» Form '3: Data as 
wer) n- nSHiPa ‘(Con.) 


2 »99989(Wariable 

= (Constant 
Vaile) 

az) Z, = Power. be isi nis. 


d od) 
v. 


(7) v-+ V= Speed fractions at as- 
points.on (6)..)....0 2. 
(8) D (assumed diameter) ........ 
(9) S (basic slip for hull condi- _ 


(10). Basic speed 
(11) K = Power augment K = 


(13) 1, pas isiomgib 9 3 (Waris 
H. P.) + (D? ) for -bladea propellers. 
H. Pi) x. V.) for abladed propellers. ‘ 
(16) A.) =Total projected area for 4-bladed. 
i) 2/3 (P. Ris 2D. A.) = Total projected area ratio for 2-bladed. 
Pp; . = Propulsive coef, f 
(15), (16) or (17) 1 2 8 (Variable) 


| . 
7 
q 
> 
| 
; 
q 


™~ 
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vered (Variable 
fe. =Propulsive coef. ex- 
(T. S. x (1—S) ) 1 3 (Variable) 
P. .or_ 


3 (Variable) 
(2t) Re 


If proper revolutions! are no asi 
Attention should be: tailed to one danger that is incurred where 
I. H. Pa or S. H. P.a are used in obtaining the characteristics ofa pro- 
the used ‘This is produced an incorrect, estimate of K,.. Sh 
‘be too small, the propeller obtained will, be, too. 
ciency nigga ced will be greater than will be realized. propeller 


Kibet however, be lifted higher, in the zone Shan 
too large the opposite results occur,... pa 


J 


l''to réduce ‘the’ under standard of de- 
so a number as the problem requires. In such. cases it beconm 
necessary to resort to what may be called a method of “ reduced diameter. 

There are two of these ods, as follows :— 

1. Method by chanaten fo of" blades to “ fantail.” 

2. Method by changing form of blades to, “broad tip.” 

By the first method, the propeller, by using the actual effective Woteo- 
power to be delivered or a, modification, of. the propelling 1: H. P.s or 
S. H. P.a, is designed for a larger diameter and lower number of revolu- 

_ tions than specified... The tips are then cut, off. the blades and the original 
projected areas retained by widening the blade tips beyond the centers of 
pressure: by an:jamount; of area equal to that cut off from the tips.) Phis 
method produces higher pitches, considerably — oe and 
less than the standard method of design and must : ‘be 
in revolutions is considerable. 

second, method, the: propeller is designed for a greater idiaenauar 
than can be carried, using a higher effective or ine) power; than re- 
quired for the =e. ‘The tips are then cut off the bla es, reducing them to 


od practically with the basic full 

propeller; with a higher pitch ‘and: lower’ revolutions 

~ obtained by the regular method of design, but the revolutions, ar € not: 
decreased to the same extent as first method of | ee 


= 
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Formulas for Reduced Diameter. 
 D.(Constant) 
ariable) 
(Di + D)t .. Variable) 
5) eh.p (effective horsepower. ‘on a 
ow proceed as in precedin using D,, until 
$s. have been obtained. The actual corrected power will 


‘Use Di in the pitch, and then thea pparen 
se this slip in 


use the uncorrected value of I. H. P.«' or 


taining the revolutions for the with D,, om corrected 
revolutions equal— 


Ra (corrected) = RaX 
When the basis of desi bt 


Tip.” 
(1) D= Diameter possible 
) D; = Assumed 


(Di +~D)? 
(D; 


(D; + D)’ 1 
Use D, and pa in designing’ the full’ Calling 
the speed of ship v, then by, the segulae method e.hi pa 
for v, the derived power for the full. diameter er reared for he 
ed v will be I. for the, 
ameter propeller will 


3 (Variable) 


of OF 


|The actual ‘will be— Jo 
Ra Ray (estimated revs, 
‘should be multiplied by the power to use in’ obtaining the 
‘full diameter serew. 


lips of the first gitten, 
ra 2a) ‘aide. 


When running on the ‘surface, the revolution is | 
above... When. running submerged ‘and. plotting. below eurve:: oat 


ki 
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The criticism hasbeen, made that while the charts will. produce.correct 
results for the actual ship, a propeller corresponding to the model pro- 
pellers used in the model tank can not be produced by the use of the charts 
of design. It has also been stated that attempts have been made to’ pro- 
duce such propellers and the resultant propellers have had blades:of ex- 
tremely narrow form, in fact so narrow as toibe:not practical. 

The answer to this criticism is ‘a very simple one. ‘The critic did not 
know how to handle the charts to obtain the model propeller. He evi- 


dently entered them with the same load fraction, *2-P- and the same 


speed fraction, +, as were used in designing the original propellers for 


the ship, This would result, when the projected area ratio of the model 
screw was kept equal to that of the original propeller, in a propeller of 
less diameter than the model propeller, of very much lower pitch and of 
exceedingly high revolutions. Should the diameter be held — to that 
of the model screw, the pitch obtained will be much lower that off 
the model and the projected area ratio much smaller. ee. 
Should the law of comparison be applied to the factors used in: design- 
ing the propeller for the ship, assuming that wake remains constant and 
that the frictional resistance of the hull follows the law of comparison, 
which it does not, the proper factors for use in designing the model pro- 


peller would be obtained as for example :— ; 


Speed of ship....... 


Effective horsepower for 


Basic effective horsepower...... 
Basic horsepower (Engine or Shaft) H. P. 


Load 


Speed 
paste 
Diameter of D 


Projected Area Ratio of Propeller.. 


5; 
H.P. 
| 
ot x B. P. 
8 
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Taking these values in the equations for pensar 
for model 
Log p. Logh. 
E. Hy P. 


Lséailoge 
(3). Log H. P. a= Log H. P. 
Subtracting (3) from qs 
Log h. p. a— Log BP. 
Turning now to the apparent slips and revelations, 
For ship s=8 ax 107s 


For model sag 
For ship. Zg = 2.861 tog —,.0788 
For model 2.861 log x p 


hp. 


(4) Log s= + tog 10788 — Log H. P. 


be 
(5) Logs + Log H. P. a— 3.5621 Log p +-2.861 Sein 
2.861 X Log p — .0788 — Log P. + 2 Loge... 40 
Subtracting (4) from (5) 
Log s— Log s = — 3.5621 Log + 1.4305 Log p +2 Logged to 
Log s = Log s — 


4 


s 
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‘ 
from 
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from which by assuming any desired value of p and the known value of s 
from trials of the ship, the revolutions for the model can be obtained or 
vice-versa. 


Ra Xe" 1—8) 
To obtain the apparent slip and revolutionsof the actual propeller pane 


the performance of the model, the equations become s= 5 R-im* Ru 
and 


vX 
pil) 


ux = X 101-35) | 


Ra=ra- 
p? (1 — 8 pls) , 
depending for its value on p and s. 


The actual powers and revolutions for the model will cally be 
higher than those obtained by these equations as the actual effective horse- 
power is greater than that obtained by the law of comparison and the wake - 
of the model is probably different from that of the ship. 


To illustrate the above take first the vessel in the first column of Prob- 
lem 1 and deduce the model propeller and its performance from the actual 
by the above formulas, then analyze and estimate the. scileahalins of the 
model screw. by the. mashed. 


‘Conditions of Problem: . 
_ Speed of ship = 11 knots, . 

Analysis, Comparison... >. Analysis. 
P=14/ p= 492 

T. S. = 6230 T. S. = 6230 
1—S=.8 1—S= .8 


| 

V = 14.97 V = 14.97 
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LT. p= 3.09 
E. H. P.=3575 E. H. P.=3. 3.9722 
S..H. P. = 4726 


K =1.175 K= 1,175 
_S. H. Pia = 1716 


which the model screw operates at comparative speeds and loads.’ Com! 
mander McEntee’s estimates for the ship are 1750'S. H. P.g and 84:5 revs. 

Now take another case, beginning with the model screw and estimate 
the power and revolutions for the ship by — and by — of 


the actual propeller. 

Let us take the case of vessel H. ; 
Propellers = 2 three-bladed. P. A. & =. 328 


p =jo 


p 

Vv v 

Ra = 84.19 Ra= 84.19 442.9 
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Model, ShipbyComp. Shipby Analysis... 
65833 15 


I.H.P.(2Prop.) 27.557 
P.C. 


“Actual 23400 


bf. iat, 126 123. 122.1 

win be ‘estimated’ either by analysis of, the. model. screw itself or by i) 
appli¢ation.of the laws of comparison. 

Now to design: the model propeller by: fixing the power speed frac: 
tions to be used inthe design, take the propeller of the last problem. 
D 25} 153. P. A, +D, ‘A. =.328; v= 31; h. p. 

‘b. 
HP = 985045 Power on 2 propellers; s= 
actual yessel 


“057804” 
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| 
4 1. T.p 4.35 435° 
Zs 2.05305 ° 
| 
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E. H. P. — 18.3255 (2 propellers) = 27557, 


1—S = .865 
V = 21.32 P = .65835 


As the model propeller performance can be inaldeed b ic laws of 
comparison and as the model propeller can be. designed by the use of 
these laws, it appears that the laws of similitude not only apply to the 
design charts but also to the propeller itself, and that if such conformity 
on the part of the charts is to be taken as the ‘proof of their correctness, = 
then judgment in their favor must be given. 

When the propeller is working in the range “of “cavitation 4 the 
thrust column,” the estimate of power and revolutions of the actual pro- 
peller without cavitation must first be obtained by comparison with the 
model propeller and the corrections for cavitation applied to these re- 
sults to obtain the final results; this is necessary as the curves of cavi- 

thrusts on the chart are not extended down to such low load and 
po fractions as those under which the model operates. bee 


CONCLUSION. 


The paper as submitted embraces the results of-ma years of study by 
the author so far as what may be considered o w A forms of hulls 
with orthodox propeller conditions are concerned. The questions of small 
diameter propellers carried as deeply as possible in the cases of deep 
t vessels, propellers for double enders, propellers for tunnel: boats, 
ave not been touched, Ajl.of these various problems require spe- 
cial study. to determine the particular values of K and of iS to use in the 
designs of the propellers. 

The problems involved in so recording the results: and ‘conclusions of 
years of study and experience in such a manner that all may readily make 
use of them have not been easy ones, and even in the final results as, sub- 
mitted there are ranges of indefiniteness which the author, due to lack 
of reliable data, has no means of clearing up. . 

Several of these regions of indefinitenéss are the determination’ of the 
ranges of fineness of hulls covering the transition from hulls of type 2 
to those of type 1, and from those of type 1 to those of type. 3, also the 
slight range of speed fraction values at the curve B, Fig. 7, in which the 
apparent slips el from slips of the, first order.to those of the second, 

ea mander M McEntee, with tiis hull models driven by model’ propellers, 
has provided ‘a means by which some of the problems may be solved and 

_ by which, when propellers are designed in the safety zones, the true values 
of K may be obtained, but it is stated that this method of Commander 
McEntee’s is of no use in the cavitation ranges, although the author does 
not agree with ‘this statement where’ “ of the Thrust 
occurs. 
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For a complete accurate representation of the phenomena 
that occur, it is look to, the at.it will bring 
with it a vast amount. of performance data of sufficient value 


be used with confidence, and the complete life history h 
propeller. plotted in such a manner as to fe history fallible. guide, to 
success. in the solution of later problems. 
The hope has been expressed that in time the. true theory of. the pr: 
peller may be Hevelones from these charts and a composite use uilt 
up from the work of Admiral Taylor and the author, be produ The 
author does not hope ‘for this. but is of the opinion that his work co 


bined with that of Commander McEntee form a complete system of de- — 


sign and checkage as they stand today, the propellers designed by the 
author’s method to be checked in the model tank by the use of the ship’s 
model and the model of the propeller resulting from reduction in size ac- 
cording to the laws of comparison. ‘This combination fills a long felt 
want as in the checkage, the model trials give absolute : assurance ds to the 
performance of the actnal propeller; and enables errors in estimate of K 


until the acttial ship with its propeller have been ‘tried. 
‘It is hoped that ‘the material which has beer opened up for inspection 
will thoroughly impress the student with the fact that the hull’ with its 
propeller’ must bé ‘treated’ in’ conjunction in the “solution of the prob- 
lem of propulsion.’ To treat’ ‘of the propeller without ‘its accompanying 
hull is to: lose time in the ultimate’ complete solution ofthe problem in- 
volved. The perfect solution of the “ Problem*of the Hull and its ‘Screw: 
Propeller” fests in the hands:of the shipowners, naval architects and ma- 
rine engineers, and without their hearty and intelligent 


FUEL OU, IN DIESEL ENGINES. 


SOME EXPERIMENTS IN CONNECTION WITH THE INJECTION AND: COMBUSTION. 
OF FURL EN) DIESEL: ENGINES.* best 


By. Commanner C. J, Hawxes, R. N 
SOR OF Armstronc CoLLEcE, . 
UPON-TYNE, 


“The of fuel ‘oil i in Diesel engines is ‘of the 


especially in the case of engines of comparatively high speed, and in’ 
dealing ‘with this. subject references ‘will be made to experiments ‘which 
have been ‘carried’ out at the Adiniralty Engineering Laboratory ® in 
connection with the development of the high-speed ‘engine for naval” 
purposes. The more general method of injecting fuel oil into a’ Dieset' 
engine is by the use of compressed ait, but considerable advance has been 
made with the, so-called, solid-injection system. It" is ‘ow ‘generally 
known that ‘nearly all British submarine engines are fitted | ‘with the’ 
solid-injection system—and the credit for this development: is” “due to 


Messrs, Vickers, Limited. With ‘the. air-injection ‘system definite 


quantity of fuel oil is “pumped into ‘the fuel valve casing, and when the 
fuel valve is lifted off its seat compressed air, provided by ‘a high-preés- 


_ sure air compressor, blows the fuel oil into’ the cylinder 


finely-divided ‘state. In the’ case of: the solid-injection syste 
compressor’ is required, ‘The fuel pimp raises: the: oil ‘inthe 


Abstract of a the ‘North ‘of 


| 

| 
3 

| 
| | 


casing, and in the system generally, to a comparatively pressure 
and when the fuel valve is lifted off its seat the 
oif is forced, by its own pressure, through a number of small holes in. 
the sprayer—which causes the oil to be split up into a mist. © 
It'is proposed to refer in the first instance to experiments carried’ out 
with the solid-injection system and then to certain experiments with the 
air-injection system. The ‘single-cylinder, four-stroke engine used for. 
the solid-injection tests was the first engine installed in the Admiralty 
Engineering Laboratory. ‘This engine, which it fitted with a piston of 
- aluminium alloy, has a cylinder diameter of 1414 inches, stroke 15 inches, 
and develops 100 brake horsepower (nominal) at 380 revolutions per. 
minute. The solid-injection fuel valve. used during most: of the experi-. 
ments. detailed in this paper was of. the direct-lift type, 4.c., the fuel-valve. 
spindle, which passed through a; gland, was operated directly by the fuel- 
valve lever. The instant of injection of the fuel was adjusted by means. 
of the timing gear which altered the. position of the fuel camshaft in 
relation to the crankshaft. The fuel pump used during the tests was of 
bronze and the suction and delivery, valves were of). hardened steel.. 
The fnel-pump glands were packed with Palmetto. packing. Owing. to 
the use,of very small holes in the. sprayer, it.is imperative |that. the oil. 
should be thoroughly strained, and strainers are, consequently. fitted on. 
the: suction side and also.on the discharge side.of the fuel pump. between 
the pressure gauge and the fuel valve.. The fuel used:during all the 
solid-injection: tests referred: to in this paper was shale fuel oil having. 
a specific gravity of about 0:86 at 60 degrees F., flash-point 220. degrees 
F. (close test) anda viscosity of 43 seconds at 70 degrees F, (Redwood. 
No. 1). The power developed by the engine was absorbed by a Heenan’ 
and Froude dynamometer. The counter readings and other records were 
taken every 15 minutes. In some cases only half-hour tests were made, 
but, even with such short runs, with the apparatus used and with the 
engine at working temperatures the records were for all practical pur- 
poses accurate. The results given are the means of not less than two- 
tests carried out under the same conditions. In all cases, with the ex- 
ception of a few runs at low powers, the initial, or maximum, pressure 
was adjusted by means of the timing gear to about 630 pounds per square 
inch before commencing a test. The compression pressures used during 
the tests dre shown in the tables of results. Throughout the principal 
tests the jacket, etc., cooling water was kept at a mean temperature: of 
about 80 degrees F, 
_ Qn. account of the situation of the laboratory it was necessary to. fit. 
an exhaust pipe about 180 feet in length. The engine exhausted into two. 
silencers. fitted: with water sprays and. consequently steam was produced 
in. the exhaust pipe which made it difficult to ascertain the condition of 
the exhaust with: any degree of accuracy... The drainage: water from 
the first silencer was, however, allowed to pass over a glass plate painted 
white on. the under side, and it was found that by this means the con- 
dition of the exhaust could be readily ascertained and the presence of 
even a small quantity of carbon in the exhaust gases was immediately 
detected. In the results given, therefore, the condition of the silencer. 
drainage water is recorded. 4 
The aluminum-alloy piston, which was fitted with six narrow cast-iron 
rings, was lubricated with the same oil as was used for bearing lubri- © 
cation... The, exhaust valve. of the experimental engine was water. 
cooled. During tests which were previously made with this engine it 
was. found that the exhaust valve had a tendency to stick even after .a 
comparatively short period of working. 'When examined it was found. 
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_that the clearance between the valve spindle and its guide was always 
filled with a hard carbon deposit and it was decided to grind the spindle 
parallel and fit a deflector, as shown in Fig. 1, arranged so that when 
the exhaust valve opened the spindle was protected from the rush of 
exhaust gases. This deflector was found to be effective in the experi- 
mental engine, and since it has been fitted there has been no sign of 
sticking of the exhaust valve and the spindle has always been free and 
clean when removed for examination. The valve spindle is lubricated by 
means of a 


Experiments were carried ‘out at the Admiralty Engineering Labora- 
tory with the object of ascertaining the effect of varying the number 
and size of the holes in. the solid-injection. sprayer. 

Before commencing these experiments, tests were carried out with 
the single-cylinder engine at 100 brake horsepower and-380 revolutions 
per minute, with a sprayer provided with five holes 0.019 inch in diameter. 
This sprayer was similar ‘to the sprayers fitted in submarine engines in 
1914. It had previously: been found that better results could be obtained: 
by increasing the pressure in the system, and Test A, Table I, was there- 
fore carried out with a- fuel. pressure of 4,000* pounds, per square inch 
(gauge). The fuel consumption: was 0.45 pound per brake horsepower 
hour, but it must be remembered that the experimental engine has only 
a single cylinder and it is fitted with a camshaft driving mechanism which 
was originally made for a multi-cylinder engine of the same design. 

It was thought that slightly better results might be ohtained ‘if the 
fuel sprays were passed over a heated surface and a sprayer was there- 
fore made so that each of the five 0.019-inch holes was surrounded ps a 
steel trumpet expanding from 1/16 inch to 3/16 inch in % inch. But 
a series of tests made with different modification of the trumpets led 
to no useful result. It was decided, therefore, to proceed no further in 
this direction. 

Several tests were then made with sprayers provided with holes smaller 
than the standard 0.019 inch. As there were, at that: time, no suitable 
drills available, the small holes were made by drilling holes about 0.019 
inch diameter, caulking them over, and then opening them out again to 


* The pressure in the system during all the experiments referred to in this paper 
eased as b: the clearance between the roller carried by 
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the size required with a fine tapered reamer. The holes were, therefore, 


0.019 inch in diameter with a knife-edged orifice of slightly smaller 
diameter. Fairly good results were obtained with a sprayer having five 
0.015 inch agg _ a sprayer provided with five 0.012-inch holes was 
not promising. The best’all-round results were, however, obtained with 
a ering: 0.016-inch holes, equally ‘spaced. Tests. B and C, 
e I, give the results” obtained with the 0.016-inch hole sprayer. It 
will be seen that in each case the fuel consumption. is appreciably less 
than with the 0.019-inch hole sprayer: 
At this stage it was decided to ascertain thé effect of fitting steel plates 


to the top of the aluminum-alloy piston. Five Spaulate’ steel plates. were 


therefore fitted, each 214 inches by 214 inches by’3 inch.thick, in positions 
such that<the fuel sprays. would strike them.~ The fitting of these plates 
increased the compression pressure 25 pounds per: square inch, ‘The 
results obtained are:shown in. Test D, Table I. It will be -seen that the 
effect of thé plates was to increase the fuel cofisumption. Several modi- 
fications: were tried, with the results:recorded in Table I. 
‘When: the platés were removed it was found that they had been ve 
hot in places, they were generally free from catbon deposit,:and althot 
they! were fot blistered there were distinct“signs of erosion where-: 
impinged. The ‘unSatisfactory results were certainly due 
mbustion—which was clearly shown es the indicator cards and 
-Up to this time: the: best. consu mption. s had been obtained with 
the sprayer-provided with five holes 0.016 inch in diameter, without-any 
special heating devices. Comparing tests E and F, Table I, it will be 
seen that the fuel ewan “sy was slightly reduced by increasing the 
fuel-injection pressure. oa tay out tests at, higher injection 
pressures, however, if was t increasing the fuel-valve roller - 
clearance beyond 4 certain point did nt give any better results. “It 
was also noticed that the atte une roller‘did not follow the contour of 
the cam, and it was decided to take valve-lift diagrams from the engine 
when running. For this purpose an extension was fitted to the fuel-valve 
spindle, and an ordinary indicator was secured to the fuel-valve body so 
that the spindle extension pressed against the underside of the indicator 
piston. The drum\cord was then connected to an indicator rig which 
was tht pa 90 degrees out.of phase with the- this 
means ‘the fuel o> lift, diagrams were obtained. A 200-pound-i indicator 
spring was used. Copies of actual diagrams, the ordinates of which give 
the lift )of the fuel valve magnified six timés, are shown in Figs. 2 to 5. 
The quadrant of the fuel valve cut-out lever was notched, Notch 4 
représents the position in/ which, fuel valve had ifs’ full lift, notch 
2 the lowest lift position at which tests were wade and’ notch 3 an inter- 
mediate position. 
‘ig. 2 shows one’ of the first taken with the sprayer 
provided with Bee betes 0.016 inch in diameter.* The effect of “notching 
out” on the-movement of the fuel valve“is clearly indi¢ated. Curves 1, 
2 and 3 represent the movement of the ‘fuel valye for each position of 
thé cut-out Jéever when the engine. was barred round, when the fuel- 
valve roller followed the contour of the cam. T s in these ctirves, 
e.g., at @ in curve 3, are due to the backlash of the camshaft driving 
mechanism which is taken up by the load on the fuel-valve spring when 
the top of the cam passes below the roller. Curves 1, 2 and 3 are, there- 
oe not correct as drawn, but should be somewhat as shown dotted. 
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Valve-lift diagrams were also ‘taken with a sprayer provided with 
four 0.016-inch diameter holes, and-these are shown in Fig. 3. With this 
sprayer the effect of increasing the fuel pressure is most marked— 
but it must, of course, be*regarded»as an extreme case, Valve-lift dia- 
grams obtained ;a@ sprayer provided with five 0.019-inch diameter 
holes are shown in Fig. 4. Curve 1 is the ‘ “barring” diagram, and 
making the necéssary correction for the back-lash in the drives mecha- 
nism it will be seen from curve 2 that when the engine was running 
with the normal fuel pressure of 2,500 pounds, per. square inch the 
roller practically followed the cam. At a pressure of 4,000 pounds per 
square inch the roller began to leave the cam (curve 3, Fig. 4). In this 
instance a valve spring was in use loaded to 618 ‘pounds when the 
valve was in the closed position. The effect of increasing the spring 
load was next ascertained. = 5 shows the diagrams obtained with 
the 0.019-inch hole Sprayer. Curve 1 shows the “barring” diagram. 
Curve 2 is the running diagram with a spring load of 618 pounds and 
a fuel pressure of 4,500 pounds per square inch, and curve 3 is the 
running diagram with a spring load of 750 pounds and a fuel pressure 
of 5,200 pounds per square inch. The quantity of fuel oil passed was 
the same for curves 2 and.3. The effect of the stronger spring is fairly 
marked but it is still insufficient ta.cause the roller to follow the cam. 
Better results were obtained by increasing the load on the spring to 
850 pounds, but, with the maximum valve-spindle friction, no appreciable 
advantage was obtained by increasing the spring load beyond this figure. 

It was considered desirable at: this stage’to investigate the fuel-valve 
cam, spring, etc., and to ascertain. under what conditions “jumping” of 
the fuel valve was likely to occur.. The curves. shown in Fig. 6 were 
therefore prepared. Curve a represents the curve of velocity of open- 
ing and closing of the fuel valve; curve: represents ‘the forces neces- 
sary to accelerate and deceterate the valve, etc., ¢tirve c represents the 
load due to a 618-pound spring, and curve a the. spring load available 


* after deducting the forces mecessaty: to accelerate or ice the valve 


TABLE 1.—VARIATION oF in SYSTEM. 


Maximum Minimum ‘Fluctiiation 
Pressure... of Pressure. ~~ 


-Meanof 
Lb. per Sq. In. Lb. Lb. and (b). 


this pur 
but oil was fo 
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4560 | 3440 1,120: 4,000 
4,320 “1,080 3,800 
4000 304° 920 3,520 
3480 - 2,640 840 3,060 
3,360 2,560 800 2,960 
2,840 2,160 2,500 
2,360 640. = 2,040 
2000 | | | | 1,700 
19200 1360) 560, 1,640 
Diagrams had previously been taken fi the : 
object of ascertaining the pressure daring 
an ordinary hydraulic indicator. was use 


154 NOTES. 
3 
q 
4 t i 
“4 
4 : As A 


to leak past the indicator piston a U-pipe connection was made to the 
indicator which was filled with a ‘viscous oil—so that the heavy oil was 
in’ ‘contact with the ‘piston: This overcame the’ leakage’ difficulty, and 
it is considered that reliable récords of the variations of pressure were 
obtained: Table “IT shows’ the maximum ‘anid ‘minimtm' pressures re- 
corded when pumping varying quantities of fuel oil, with the engine run- 
at 420 revolutions ‘per’ minute: 

— diagram ‘taken’ from ‘the fuchinjection system is shown in 

Fig. 7. In this instance the indicator drum was running’ at engine speed 
and 'the fuel pump at camshaft speed. The pump dead centers ‘are marked 
on the diagram. 

Referring agait to Fig. 6, curve ¢ ‘represetits the ‘unbalanced oil 
sure on the valve on the assumptions that the’ ‘ull pressure is acting dur- 
ing the opening and closing periods of the valve, and ‘that the presstire 
drops uniformly in the system from 4/500 ‘pounds to 3,500 pounds’ per 
square inch: The former isnot, of course; correct’ for all ‘positions of 
the fuel valve but’ the latter is: approximately. correct, Curve’ f shows a 
similar curve, but it assumes that the pressure ‘in the’ system drops uni- 
formly from 3,000 ‘pounds to 2,000 pounds per square inch, giving a mean 
‘working’ presstire’ of about: 2,500 pounds’ per’ ‘square’ ‘jnch—which” was 
the pressure for which the system was originally designed. The critical 
period is ‘undoubtedly’ when the’ valve begins’ to close, and if the full 
pressure acts on the underside of the valve during this period—and it 
probably does during the ‘early portion of the’ closing period—it will be 
seen ‘that the balance of ‘spring load’ available’ to overcome gland friction 
is’ practically negligible with ‘the higher fuel pressurés assumed. Gland 
friction’ is acting ‘agaist’ during the closing period; whilst 
the unbalanced pressure’ on the ‘valve ‘is always ‘acting’ against the spring. 
Fuel-valve' gland friction’ difficult ‘to estimate ‘in an’ engine running’ on 
‘service, In the’ case of the experimental engine it’ was’ ascertained ‘that 
A the fuel-valve gland carefully packed (and tight) a vie 4 of 8.5 
‘pourids' was required to overcome gland friction’ (diameter of dle 
inch).' This' should be iregarded’as being about the minimum y 

will’ be’ seen! that the “618 ‘pounds’ spring provides only a small margin 
an increase in gland friction,’ or fue? Gil pres- 
té beyond that for which the’ systém ‘was origitally ‘designed. So far 
spindle friction’ is‘ concerned’ the wse of a°“ ground” fuel-valve spindle 
an advatitageas a gland ‘is then unnecessary. Difficulties following the 
adoption of ‘higher pressures can be surmounted by fitting stronger springs 
‘or ‘by @ further ‘modification ‘of the design 
The 0.016-itich holé' sprayer tised in the tests so’ ter véeorded was made, 
‘as ‘already mentioned; by caulking’ over the ‘ends of the holes: of 
inch sprayer ‘and ‘then -opetiiig out each hole with a tapered’ reamer to 
0.016-inch. This sprayer showed signs of wear, but it was not excessive, 
althougli it ‘had beenin use for an appreciable time. ‘Later, suitable’ drills 
‘were obtained ‘and ‘the 0:016-itich holes were drilled in a sprayer of the 
‘standard’ shape.’ After carrying out'a nuniber of tests it was found that 
‘the’ bést résults' were obtained’ with the 0.016-inch’ hole by 
‘flats hs of each hole’ arid reducing: the ‘Tength ‘of 
to about ‘1 

The’ Of the engine on from the: point of 
of combustion, depends very largely’ ‘the’ fuel valve and 
fuel-pump désign, correct séttings, clean ‘sprayers ‘and joints ‘in the 
system. | “Thére should no difficulty’ with leakage’ of contiections’ ‘so 
fong’ as substantial’ fittings are’ but it! is’ to reduce the 
‘nu ‘of toa Tt! is’ imperative ‘that every’ 
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should be ‘sition to insure, the thorough fittration of the fuel. oil on its 

passage to the fuel valve. Although fine filters are fitted occasionally 
it is found that a.choke one or more holes.of a sprayer does occur— 
especially when. the valves and fittings are new. The occasional. choking 
. of sprayers on service is probably largely due to pieces of packing, work- 
ing down, from: the fuel-valve sine glands, and for this reason, as 
well as from the point of view of spindle. friction, it is advantageous to 
design the valves so that glands are unnecessary. Pieces of packing 
‘from fuel-pump, glands also find. their. way. 'to.the sprayers and this 
‘points to the, desirability of dispensing with packing glands in fuel pumps 
as well as in the fuel valves, 

In the experiments referred to in this og the best all-round results 
were obtained with a sprayer provided with five holes 0.016-inch in di- 
ameter. Sprayers containing more, and also. less, than five holes, were 
tested, but the five-hole sprayer gave the best results within the limits 
of fuel pressure which the system as designed was capable of withstand- 
ing satisfactorily. All. the experiments pointed, however, to. the desira- 
bility, within practical limits, of using smaller holes and higher fuel pres- 
sures; and had it been possible to employ higher fuel pressures. in. the 
experimental engine there is no doubt hat its flexibility would have been 
‘increas 

The number and size of the holes in a sprayer depend on the mean 
pressure in the fuel-injection system; on the viscosity of the fuel oil; on 
the mean indicated. pressure aimed at; on the distance the deta, haye to 
penetrate into the combustion chamber and also on the speed of the 

engine. The angle of the holes, i¢., the angle of the cone on which the 
holes are drilled, is dependent on the shape of.the combustion chamber. 
So far as the author is aware there are at present no formula which 
can be. used to determine the number, size and angle of holes. nece in 
a sprayer for a given engine to insure the best results—it is ely a 
question of trial and error, 

Although. generally. the fut pump worked satisfactorily during. the 

tests, such pumps should, in the author’s opinion, be made from, forged 
steel blocks or steel stampings, when. working with fuel. pressures of the 
order mentioned in this, paper.. 
_ In view..of the experience obtained. with the direct-lift fuel valve. it 
was decided to design an automatic valve. which would completely. con-, 
trol. the fuel spray, and which would. also avoid the fitting 
a spindle gland—thus reducing the chances of the valve sticking in the 
open position or closing sluggishly. In the, case of the. single-cylinder 
experimental engine already, mentioned it was doubtiul, whether 
the existing gears would stand up against its load for any length of time, 
and. with the object of overcoming. this valve was designed on 
the lines, of that. shown in Fig. 8. 

With this. arrangement: the automatic valve. is “decteclied by means of 

the mechanically-operated, spindle or stop. A.so that the ordinary. fuel 
‘pump..can be. used,...To, operate the, valve a lever) (not. shown. in the 
figure), actuated by: the fuel, cam, lifts the spindle A 
a spring which corresponds to the spring in the direct-lift type of fuel 
valve. The fuel pressure in the solid-njection, system acting,. on 
piston D then lifts the automatic valve, which is loaded by spring 
and fuel is sprayed into. the cylinder... The closing of the automatic valve 
is: brought, about either by the fuel pressure falling below that. neces- 
sary to keep the valve lifted or by the closing movement of. the ‘spindle A. 
It will: be seen that’ the fuel, pressure available for spraying is not 
than the loading om ‘valve. due to the spring E; and is 
advantage, especially when running at low powers. 
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In the direct-lift type of solid-injection fuel valve the spray is ob- 
- tained by forcing oil at high velocity through small holes in a sprayer; 
and the pressure available for producing velocity is controlled by the 
valve. When the valve commences to lift this pressure, due to wire- 
drawing past the seat, etc., is less than that available in the system, with 
the result that the spray at the commencement of injection is probably 
not particularly good. In a similar manner when the valve closes the 
pressure in the sprayer gradually falls, and it seems reasonable to 

sume that the last drop of oil*goes into:the*cylinder in the form Of a 
dribble." For-this reason it is desirable ‘to close. the valve as rapidly as 
possible: The’ defects of this type of “valve are more marked as the 
speed of» the ‘engine is reduced or the lift of the valve decreasd—both 
of+which have an adverse effect on the quality of the spray. This, as 
already mentioned, is likely. to. be of greater importance when oils are 
used which do not come under the heading of “clean” oils. ne; 

In: the case-of the automatic valve, shown in Fig. '8, it will be seen that 
the full fuel pressure is close up to the point of exit of the fuel oil 
from the sprayer. As soon as the automatic valve lifts the full avail- 
able pressure causes a fine spray to pass the valve seat; When the 
valve lifts beyond a certain \small amount the spray is formed by the 
oil being forced through the grooves G at a high velocity and the valve 
ceases to have’any appreciable effect on the quality of the spray, Simi- 
larly when the valve-closes the control of the spray is taken up» by the 
valve end and a much finér’spray is obtained at the instant of closing than 
is possible -with the.direct-lift type of fuel valve. The spray past the 
valve seat, as distinct fromthe spray resulting from the fuel passing 
through the grooved plate-at high’ velocity when the valve is clear of its 
seat, can be made so fine that it has little or no penetrating effect, and 
therefore such a fine spray is to’ be avoided, at least in the case of high- 
speed engines. With the automatic valve, therefore, the closing and 
opening ofthe valve should be as-rapid as possible. 

With the valve shown-in Fig. 8 considerable trouble was experienced, 
as in the case of experimental valves of other designs, due to the in- 
clination of the fuel valve-to-the axis of the cylinder of the single-cylinder 
experimental engine. Experiments were made with different types of 
nozzle plates with the object of turning the spray,-and although nearly 
100 brake horsepower was developed at 380 revolutions per minute, the 
results were unsatisfactory. A very fine spray could be produced with 
the automatic valve, but the moment an attempt was made to deflect the 
spray the particles of oil coalesced ‘andthe energy. of the spray was 

At a later date a new cylinder cover, designed)to take a vertical fuel 
valve, was fitted to the experimental cylinder. -When the new automa’ 
valve was made it was tried in an atmospheric testing apparatus, and a 
very fine spray was produced. The shape of the combustion space of 
the experimental engine necessitated, however, the use of a spray of 
wide angle, and it was found that considerable energy was lost in pro- 
ducing it. The valve was then tried in the experimental engine, with 
various numbers and sizes of grooves in the nozzle plate, but only 66 


brake horsepower at 380 revolutions per minute was reached satisfac- — 


torily. Bletter results would doubtless have been obtained had it been 
possible to use higher fuel pressures; as the energy of the fine sprays 
produced would thereby have been increased, resulting in an improve- 
ment in the penetration, and consequently in the distribution of fuel oil 
in the combustion space. At low speeds the automatic valve was very 
satisfactory, and it was found that the engine could be run for long 
periods at 6 brake horsepower and 116 revolutions per minute, whereas 
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with the direct-lift of injection valve it, was’ difficult:to run the 
gine below 25 brake horsepower at 140 revolutions: per. minute 
misfiring, When the automatic valve was. in use at.the lowest’ power an 
indicator diagram was taken with the pencil held on:the paper during six 
successive: injections of fuel .and.;only, a: single .line diagram 
corded, indicating that the firing was: certain and regular, and that the 
automa tic valve was. superior . to the direct-lift; injection. valve for low-. 
speed, running.., 

From. the, experience gained it was. evident that with an “automatic. 
valve on, the, lines of Fig, 6 satisfactory results could be obtained. with 
fuel. pressure used owing to the,shape;of the combustion chamber 

of the, experimental; cylinder, To use. solid-injection satisfactorily. it, is: 
necessary to. pulverize the, fuel oil as finely: as possible, and at the same. 
time to produce a spray with sufficient. penetration’ to insure that the fuel 
is brought in contact with the air required. for its combustion. Unfor- 
tunately these two requirements are incompatible, and. it is necessary 
therefore to effect. a compromise—and this| compromise can only be 
reached largely by trial and error. In the case of the automatic valve. 
shown in. Fig. 8 the, pulverization, was, excellent. but, the penetration was. 
poor, 4¢, the energy of the sprays, owing to: their finely-divided .state, 
was rapidly lost when they entered the compressed air, in the combustion. 
space, and this; resulted-in.the presence of a rich mixture in the. vicinity. 
of. the fuel sprayer; which was followed by. late burning... The. lack-of 
penetration. of the automatic valve sprayer was. more marked, as the, 
angle of the spray was increased. 

As it was not possible to modify the shape. of, the: Gosabatioln space 
of the experimental engine without considerable. structural alterations, 
or to employ higher fuel pressures, the automatic valve described was. 
put’ aside. In nearly all the fuel valves subsequently experimented with 
at the laboratory, both air and solid-injection, the principle. of the auto- 
matic. valve was, however, retained; but: in order to obtain the necessary. 
penetration. of the sprays multi-hole sprayers were, employed on, the lines 
of the direct-lift fuel valve previously referred to. ‘ 

Good results have been obtained at the Admiralty Engineering Labora- 
tory with. solid-fuel, injection, but in nearly all cases, shale “fael oil has 
been: used in the tests. A. few tests were carried out with Texas and 
American. distillate oils and: satisfactory results. obtained, but no other 
fuel. oils have so far been tested, It would be interesting to hear whether 
smokeless combustion has been obtained. with fuel oils other than those 
referred to above, in an engine running at 380 revolutions per minute 
and at not less than 100 pounds mean indicated. pressure. The problem 
is. perhaps less difficult in the case of engines of slower speed. working at. 

comparatively low. mean pressures. 


Experiments. were carried out with: the object. of ascertaining whether 
improved results would be obtained with. the . solid-injection: system 
increased turbulence, due to. increasing, the velocity. .of the air thro 
the induction valve, These experiments. indicated that there.was no im- 
provement..due to increased: turbulence; fact; the fuel consumption. 
was slightly increased and the exhaust was saple. shaded. On the face 


of it, would. appear. that..turbulence. would assist combustion in the 

case of the D Diesel eogine it will be, seen that.a. high degtee of tur-, 

might have a, harmful effect by..distorting the, spray and causi 
ion of, it to be brought. in contact. with the comparatively 

alls or cover, of; the, engine before the oil. globules had completely 

porized... This. action would produce a smoky exhaust., It is very essen- 

tial inet spray should, not. strike surface, and as.a high de- 
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gree of turbulence would have a tendency to bring ‘this about | it is’ con- 
sidered’ that’ turbulence is not’ so desirable in the Diesel engine’ as it 
undoubtedly is in the explosion ‘engine.’ The‘ turbulence referred ‘to is, 
of ‘course,’ that due ‘to high air speeds through’ the ‘induction’ valve and 
not to the tse of blast air if air-injection ‘engines. Blast ‘air splits up’and 
distributes ‘the fuel oil in’ the combustion ‘space, but it’ acts’ rically 
about the center line°of the sprays and its ‘direction of action is under 
control (depending on the position, size and shape of the holes’ in’ the 
distributor or flame plate); cotisequently it is* much 1é8s ‘likely’ to drive 
a portion of the fuel on to the cool’ walls of the ‘liner anid cover)? 
There is no doubt that solid injection has'much to recommend ‘it 

long as it is in ‘every way: satisfactory on sérvice.’’ By its adoption’ 
not ‘necessaty’'to make provision ‘for an ait compressor for supplying 
blast air—and° the ‘high-pressure ‘compressor, as is ‘well-known, has’ in’ 
some instances been a continued source of trouble. Air injection is, 
however, principally used’ today, and it seems fair to présume, therefore, 
that many manufacturers’ have largely, if’ not entirely, overcome. their 
compressor troubles. far’'as ‘present experience is concerned ‘it ‘is 
considered that a greater ‘variety’ of fuel oils ‘can be’ used satisfactorily 
with air injection than with solid injection. “With the fuel oils expéri- 
mented ‘with at the laboratory it has been found that up to about 100 
pounds mean indicated préssure the fuel consumption with’ solid irijec- 
tion is approximately the same’as the consumption with air. in- 
jection, atthe same power ‘and speed, after taking into account ‘the power 
required to drive the injection compressor. This means ‘that’ whilst’ the 
consumption per brake ‘horsepower is the same with both systems the 
cofisumption per indicated horsepower is less with the’ air-injection 
engine than with the solid-injection engine—ic., the combustion of’ the 


fuel oil in the air-injection engine is A me ‘better than in the solid-. 


injection engine. This difference is no doubt largely due to the better and 
more rapid distribution of the’ fuel oil mist in the compression ‘space, 
which naturally follows: the’ use ‘of air for injection purposes, as the 
sprays have more energy, and'the air when’ it éxpands in the combustion 
space carries the fuel-oil mist with it. Owing to the cooling éffect of 
the injection air, however, a higher compression is necessary in the air 
injection engine ‘than in’ the solid-injection engine, for the same fuel oil 
It is also found that the solid injection engine starts more readily from. 
the cold condition than the air-injeetion engine, although in this connec- 
eee depends on ‘the compression ratio and on the type of ‘sprayer 
employe 

At mean indicated pressures at and above 110 pounds per square inch, 
the experimental engine ‘running at380 revolutions per minute, smokeless 
combustion could not be satisfactorily ‘obtained’ with ‘the solid-injection 
system, and ‘as it ‘was desirable that higher mean indicated’ pressures 
should be developed, it was decided to experiment with the air-injection: 
system. The ordinary air-injection valve will be referred to later, but 
it is proposed briefly ‘to ‘refer, ‘at’ this’ stage, to a valve which may be 
regarded as a combination’ of’ the air and solid-injection’ systems. 

‘In the ordinary air-injection “valve the’ fuel is forced into the fuels 
valve casing against the pressuré of the’ injection air, but no advantage is 
derived from ‘the pressure to which the ftiel oil is subjected. In the 
modified valve the oil is sprayed in the mantier common to solid-injection 
systems, but. inside the cylinder it ‘meets a jet or jéts of air so that the 
distribution is thereby improved. It was hoped that by the use of such 
a valve a smaller quantity of blast air ‘would “be required than is 
necessary with’ the ordinary air-injection ‘valve.’ Further, the event 
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of the air compressor’ failing: the engine would'be able to run at a 
slightly lower’ power satisfactorily ‘on solid injection alone. © Various 
valves were tried “based on this principle, both with the air jets sur- 
founding the fuel’ jets, and also with the fuel jets surrounding the air jets, 
but it is not possible within the limits of this paper to refer to mote than 
one valve which has given promising results:when using shale fuel oil. © 
9 shows: diagrammatically section::of* the sprayer end of the 
valve. A-is lower end’ of the automatic’ valve and the fuel oil passes 
into the combustion’ space through the small holes, a, ‘etc. when the 
valve is lifted. Four air holes surround each fuel exit, so that four 
small air jets meet the fuel: spray in the combustion’ space at’a® small 
angle. In the experimental ine an air valve operated bya ‘separate 
cam controls the supply of high-pressure air to the air channels shown. 
This arrangement was made to’ facilitate experiment, but it is probable 
that in a valve of this type for service use one cam would be used for 
controlling the admission of both air and fuel. The engine can be 
started on the solid-injection system alone, and therefore it is’ possible 
to employ a lower compression ratio than would suffice to ensure an 
easy start from the cold condition with the ordinary air-injection sys- 
tem in use. . 
It has so far been found that’ with this valve smokeless combustion 
can be obtained with a mean indicated pressure’ of just over 130 pounds 
per square inch—the experimental engine running at 380 revolutions per 
minute. The consumption of blast air is slightly less than with the 
ordinary air-injection valve.’ The fuel consumption at about 130 pounds 
mean’ indicated pressure, using’ shale fuel oil, is just under 0.41 pound 
per brake horsepower, but as the air compressor is driven by an electric 
motor this does not take into account the power required to supply the 
blast'air. The valve ‘combining the solid and ‘air-injection systems: has 
some advantages over the ordinary’ air-injection valve, but it undoubtedly 
involves greater complication. “Experiments are’ being eontinued, ‘and 
the question of its’ adoption will, of ‘course; depend upon the’ results 
‘using the’ ordinary air-injection system for developing com- 
Boye ie a high mean ‘pressures in high-speed engines it is necessary to 
use a distributor provided with holes so that a number of’ small ‘jets 
are produced. Fig. 10 shows’ the lower end ofa fuel valve designed 
for ‘a 20-inch by 20-inch: ‘experimental four-stroke cycle’ engine. The 
number and size “of the holes in the distributor’to give the best all- 
round results is a question of trial. “The angle° of’ the holes,'as ‘in’ the 
case of the solid-injection sprayer, is largely dependent on the shape 
of the compression space, 
_ A few details of test carried’ out with various fuel+valve: distributors 
in a single-cylinder ‘opposed-piston two-stroke engine may be of interest. 
This engine was designed and constructed by Messrs. William Doxford 
and ‘Sons, Sunderland, originally for their own use, but before the engine 
had been run it ‘was transferred to the Admiralty’ Engineering Laboratory. 
The engine follows the firm’s usual design and’ has a cylinder diameter of 
14.55 inches and a combined stroke of 28.3 inches. It ‘is ‘fitted with 
0 water-cooled fuel valves. The double-acting’ scavenge pump and 
air compréssor are driven from two cranks on an extension of 
the’ engine shaft. ‘The'scavenge pump and compressor were made larger 
than necessary for ordinary ‘running, for ‘the purpose of supercharging 
experiments at 4 later date, and consequently this reduced ‘slightly’ the 
mechanical efficiency of the ‘engine. ‘ During the’ tests: referred: to. in 
this paper the engine, owing to the lay-out of the laboratory, exhausted 
into a pipe 180 feet in length. ° 


II 


| 

| 

| 


162 NOTES. 


_ The. sprayer or distributor, of each fuel valve as originally designed 
was with, two narrow slits intended. to give horizontal fan- 
sha) sprays. The center line of; each: spray was about 14 inch from 
the top of the adjacent piston—the distance between the pistons at the 
end: of the compression being about 1.75 inches. A number of tests at 
various powers were, carried out with the original distributors shown | 
in, Fig. 1, with various shapes, of. cams, etc.,. and: it was: found ‘that the 
fuel consumption ‘at the higher powers and speeds increased rapidly with 
an increase in mean pressure. From, the experience: gained with the 
experimental 14)2-inch by, 15-inch four-stroke engine it was clear that 
fuel. sprays having a comparatively large surface were not satisfactory, 
as when working at high speeds and high mean indicated pressures late 
burning resulted. It was decided, therefore, that further: improvements 
in the fuel consumption of. the opposed-piston engine, could only ‘be 
obtained by replacing the original distributors by distributors provided 
with a number of holes, The design of the original. valves was such 
that it was necessary to cut off the ends of the valve bodies and replace 
them by ends which could be adapted to take experimental distributors 
prayed with circular holes, Fig. 12 shows. the experimental distributors 
as fitted. 

_ Each. distributor was provided ‘with two rows of holes, The center 
lines of the holes were, made parallel to the flat tops of the pistons, and 
the angles of the holes in the horizontal plane were arranged to give the 
- best distribution.. The diameter of each hole. depended on, its distance 

from. the cylinder liner in the direction of the spray and on the volume 
of that portion of the combustion space which it had.to feed, and it was 
arranged that each row of holes should sweep over approximately half 
the surface of the adjacent. piston...(The center. lines of the two ,fuel 
valves in the horizontal plane are parallel but slightly off-set.) A number 
of distributors of this. type were tested, and it was found that the, best 
all-round results were .obtained. with the distributor A. 16, of which a 
horizontal, section is.shown in. Fig, The upper, row of holes. in. each 
distributor is indicated in the re by the full.lines and the lower 
row. of holes. by the dotted lines:. Table III gives, the. sizes. and.angles 
of the holes. The mean results of a series of tests carried out with the 
A 16 distributors.are shown in Table IV and Fig. 13., The fuel. used 
was Texas fuel. oil having a specific gravity of 0.91 at 60 degrees F,, 
flash-point 195 degrees F.. (close, test), viscosity 318 seconds at 70 
degrees F; (Redwood No., 1), anda calorific value of 18,400 British 
units. (lower heating value)... The exhaust was clear throughout 

tests, 

The maximum power developed by the A 16 distributors was 406 
brake horsepower at 364 revolutions. per. minute, the mean indicated 
pressure being 150 pounds per square inch. The exhaust was not black at 
this power, but it was dark. Y 

The results obtained with the original fan-shaped sprays at 320 revo- 
lutions per minute are shown in Fig. 13. It will be seen that the A 16: 
distributors gave much better results in regard to fuel consumption than 
the fan sprays. 

It was then. decided to: fit distributors on the lines of distributor A 17, 
Fig. 12. In this distributor, particulars of which are given in Table III, — 
each row sweeps the whole of the piston surface and the holes are of. more 
uniform size. The mean results of the series. of tests with these distrib- 
utors, shown in Table IV and Fig. 13, do not. differ in any marked 
degree from the results with the A 16 distributor. : Soli 
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In all the distributors experimented with the mean distance of the 
rows of holes from the tops of the adjacent pistons when at the end 
of the compression stroke was 29/64 inch. It was arranged, therefore, to 
test distributors with the rows of holes about 9/16 inch from the 
piston, but otherwise similar in.all respects to the A 17 distributors. 
The fuel consumptions at the higher mean pressures were not so good 
as the consumptions with the A 16 or A 17 distributors. This bears 
out Professor Junkers’ contention in regard to the disposition of the 
fuel sprays, viz. that. when working at high mean pressures with the 
opposed-piston engine it is necessary to arrange the fuel sprays as 
close as practicable to the pistons. aa R55. Wo 


In nearly all engines of the opposed-piston type which’ the author 
seen seh te injection of the fuel oil has been accompani by 
slight detonation. These engines, however, did not run much above 
200 revolutions per minute, whereas the experimental opposed-piston 
engine, referred to in this paper, was run at speeds up to 360 revolutions 
per minute. In certain circumstances the detonation of the fuel in the 
experimental engine was most marked, and although it did not appear 
to be harmful it would, if heavy, be rather distressing ina multi-cylinder 

engine of this design. : 
Three typical combustion diagrams, obtained with various shapes of 
cams, are shown in Figs. 14 to 16. The valve lift diagrams for: the 
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front and’ back fuel valves are also shown on the same angle: base.’ An 
arbitrary. figure for. the: intensity. of»detonation ‘and ‘other particulars 
are given against each combustion diagram. Although i in the experimental 
opposed-piston engine there was no separate timing gear, and ‘therefore 
it -was. hot: possible to: modify the: “ timing” the fuel valves when ‘the 
engine was running, the fuel cams were adjusted! so: that the maxeeeans 
pressuré: was: limited to about 630) pounds :per: inch; 

Fig. 14, with short period cams) in use; A 
obtained when the engine was running at about’ 300-brake horsepower; 
but with the fuel momentarily cut off; FA B therefore:represents, on an: 
angle’ base, the compression curve, and B C.F the expansion of ‘the: ‘air 
previously compressed: . The line FG gives the position of the indicator 
drum corresponding to the inner. dedd center, when: the: pistons: were 


ram. In 44 the detonation. fi is on, 
In Fig. 15. the cams giv greater 
‘ig- 16.is a combustion diagr: long-period. cams .in, use... 
case the fuel consumption. is greater, the detonation. than with 
the, short-period ,cams. ., 
From the combustion diagra ms: in. to» 16, the. pressures. 


excess, of. the pressures. compression-expamsion 
Sgro, were plotted on an angle base, ae oe ‘these curves the rates 
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of change of pressure were obtained. Fig. 17 shows the rate of pressure 
change curves. It will be seen that heavy detonation is accompanied by 
a high rate of change of pressure occurring just after.the dead center. — 

From the combustion diagrams temperature-entropy diagrams were also 
constructed for comparative purposes, with the assumptions that the-tem- 
perature of the air charge at the beginning of compression was 200 
degrees F. and that the weight of the working fluid was constant through- 
out the cycle. From the temperature-entropy diagrams the heat supplied 
and the temperatures throughout the: cycle were plotted for each case, 
and from the heat supply curves the rate of the supply of heat was 
obtained. | Fig. 18 shows the curves of rate of heat supply. It will be 
seen that in the case of the combustion diagram shown in Fig. 17, 
where the detonation was heavy, the rate of the supply of heat was 
greater than in the case of the low detonation diagram, Fig. 16. 

From the various diagrams constructed the following points were 
clearly indicated :— 

1. An increase in the rate of the supply of heat, i.c., in the rate of com- 
bustion of the fuel, resulted in heavier detonation. 

2. In the case of low detonation diagrams heat was being supplied later 
in the expansion stroke than in the case of the high-detonation diagrams. 

3. The maximum and mean temperatures of the cycle were greater in 
the low detonation diagrams than in the high-detonation diagrams. 

4. The thermodynamic efficiency was higher in the case of the high- 
detonation diagrams than in the case of low-detonation diagrams (this 
agrees with the fuel consumptions recorded). : 

From the experiments which were carried out it was clear that detona- 
tion was a function of the speed of injection with the particular oil fuel 
used, but when working at mean indicated pressures just above 130 
pounds per square inch an increase in the quantity of fuel oil injected, 
other conditions. remaining the same, tended to decrease detonation— 
although in this instance the exhaust did. not remain colorless. Also, a 
reduction in the quantity of fuel injected tended towards decreased 
detonation. 

Texas. fuel oil was used during all these tests. There has been no - 
opportunity to experiment with the object of determining to what extent 
the intensity of detonation is affected by the brand of-fuel.oil used. 

Detonation is experienced. in aircraft engines, but these engines draw 
in the fuel charge on the suction stroke, and towards the end of com- - 
pression it is probable that a fairly homogeneous inflammable mixture is 
obtained. Ignition in this instance is by spark, and detonation is generally 
attributed to a pressure wave,caused by the ignition of a portion of 
the charge compressing the remaining portion of the charge to 
a temperature above ‘the spontaneous-ignition point of the fuel. 
On the other. hand in the case of the opposed-piston engine the 
fuel is injected towards the end of compression into air whose tempera- 
ture is above the ignition point’of the fuel. The mixture of fuel oil and 
air which is blown into the compression space through the two fuel 
valves is not at first inflammable, and: it seems reasonable to suppose that 
ignition does not occur until the speed of the incomin, charge is reduced, 
its temperature raised above the ignition point of the fuel oil and the 
distribution such that an inflammable mixture is obtained: When heavy 
detonation’ occurs, therefore, it is probable that there is a combination 
of ciréumstances favorable to rapid combustion, i.e., by the time the in- 
coming charge of fuel and blast air has had its temperature raised’ above 
the ‘ignition point of the fuel, either by admixture with highly heated 
air in the cylinder, by radiation from the small portion of fuel vapor 
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which commences to burn on the fringes of the jets or by the formation 
of a pressure wave (as in the case of the aircraft engine), a large 
proportion of the fuel has been distributed oe in the compression 
space and an inflammable mixture obtained, with the result that com- 
bustion is extremely rapid. 

It has been mentioned that when working at high mean pressures an 
increase in the quantity of fuel injected, other conditions. remaining the 
same, tended to -decrease detonation... In this instance it is 
that the additional fuel injected resulted in the formation of 
rich in fuel, and that combustion was consequently delayed. ‘Although 
many experiments were carried out, it has not so far been possible 
to run at high powers with Texas fuel oil at comparatively low ‘fuel 
eS and at the same time avoid the detonation effect entirely. 

ceneraty Soe a reduction in_ the intensity of detonation resulted 
fuel consumptions. It is probable, however, that better 

prior may be obtained by further modifications to the fuel valves and 
cams. Detonation is not very noticeable.in the laboratory 20-inch by 20- 
inch air injection, four-stroke cycle, single-cylinder experimental engine 
when using’Texas fuel oil and running at high mean pressures at about 
300 revolutions per minute. It would appear, therefore, that the type of 
engine has some influence. on the intensity of detonation. As, howéver, 
the maximum pressures were approximately the same in’ the four-stroke 
engine and in the two-stroke opposed-piston engine, it would seem to 
point to temperature as being one of the factors on which detonation 
depends, and not pressure. : 

So far as is known the spontaneous ignition temperatures of fuel 
oils have been determined hitherto, in either air or oxygen, at atmospheric 
pressure by allowing drops of the fuel oil to be tested to fall on to a 
heated’ porcelain or into a platinum crucible, and noting the temperature 
at which the oil drops burst into flame. Although the results thus 
obtained are of value, and no doubt can be rded as the true ignition 
temperatures of the apparatus used, it was felt. that so. far as. Diesel 
engines were concerned these ignition temperatures: could not be u 
directly for determining the compression ratio necessary to ensure the 
ignition of a fuel oil, when injected into an engine started from the cold 
poe The method of jinjection and the quality of the fuel spray 

in the Diesel engine are not taken into accotint in ‘these tests 


time element” is for all practical purposes 


When fuel oil is injected into an oil- engine of the Diesel type the 
temperature at the end of compression necessary to ensure ag 
ignition depends’ on the oil used, on the quality. of the»spray (i.¢., the 
degree of pulverization of the oil, which affects the speed of vaporization 
preceding ignition), on ‘the method of spraying the oil, and on the prox- 
imity of the spray to the water-cooled cylinder cover. Having these 
points in view, therefore, it was decided to — a piece “of. apparatus 
with the object of ascertaining, what might be termed, the practical 
ignition temperatures of fuel oils under conditions ‘w’ hich approximate 
as closely as possible to the actual conditions obtaining in an engine. 
Knowing the practical ignition temperature of a fuel. oil. it was hoped 
that the lowest compression ratio necessary to ensure the ignition of the 
fuel in an engine, when starting from the cold condition, would be 
readily obtained from a temperature-compression curve. 

A section through the cylinder and a diagrammatic arrangement of 
the apparatus is shown in Fig. 19. It will be seen that the apparatus con- 
sists of a steel cylinder A fitted at one end with a water-cooled cover 


B in which the fuel valve is situated: 
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air and-gauge connections Cand other end of 
the aime My a steel plate cover. E not water-cooled, is provided, which 
thee piston mut .F and: set screws: The: cover’ E 
a relief valve and indicator connection G and a heat- 
insulated sheath H -which carries. the thermocouple:J. Provision was 
originally made, for.a fan: to circulate: the air inthe cylinder and thus 
obtain a more; uniform temperature before the injection of the fuel be 
but.so far it has not.been found of any. great, value.. 

The steel cylinder,:-which is 5:inehes internal. diameter and 10% inches 
long, :is, fitted with a Brayshaw. gas furnace, so:that:the compressed air 
contained’ in. the cylinder can::be brought’ to’ any desired temperature. 
When, the cylinder. is heated temperature of the shell is slightly 
aber: than, the ‘temperature of the air! it.contains, and: im» this respect, 

refore; it’ differs fromthe watet-cooled | cylinder liner an’ engine. 
The diameter. was, however, fixed.at 5: inchés:so.as to.ensute that with 
the fuel: sprayer, used the spray would not ‘strike: the heated shell. 

It was, intended that-both’ the solid and:the air-injection | systems should 
be tested'and the fuel valve L. was. designed with this: purpose: in view. 
The. fuel valve, was, however,| at: firsti arranged: for the: solid-injection 
and, as it was desirable, that the quantity of fuel: oil injected 

uld only be sufficient to ensure.an appreciable rise in pressure after 
combustion, the sprayer. was ptovided with one hole 0,013 in diameter. 

The fuel valve is.operated: by means.of a falling. weight W, released: by 

a lever (not shown in;the figure), which, after falling through a distance 
about. 1, foot, strikes, the:. washer. Y. secured toa rod attached tor ‘the 
valve.lever M. 

The-fuel system, is charged. to. the pressure required by. means of a small 
pump placednear the apparatus... 

To, ascertain: the distribution of the: fuel, swith the 0.013 hole 
a wooden plug, covered with white paper, was placed in the cylinder 
so. that. its’ surface. was. at, right angles to the axis of the cylinder. ‘The 
cylinder was, then filled with compressed air to a préssure of 400 pounds 
per square inch. at, atmospheric temperature,.and when a charge of fuel 
oil. was .injected, the distribution was, found approximately »from the 
diameter of, the stain on the paper. By placing the plug in. various posi- 
tions, and finjecting a, of oil for, each: position, the distribution 
throughout, the; length:.of. the cylinder. was) readily .ascertained. It:'was 

found, that, when ‘the plug -was: placed, hard. up against the cover E the 
paper. was, not completely, covered with, fuel oil, which, indicated» that 
or no. oil -was! striking -the. sides.of. the cylinder. In order that.a 
alse reading should not be obtained, however, by. a portion: of. the spray 
striking; the .cylinder.a sheet. iron.cup surrounded an air. space ‘was 
fitted, at.a later date, as- shown) dotted! in: Fig,..19... The base of the cup 
was -placed:\at the, point. of maximum, temperature, in. the cylinder;: 
about.3 inches. from the end, and the thermocouple sheath passed through 
the base of; the cup. It was found that the fitting of the cup made no 
difference im: the results obtained but. it was thought. desirable 


cylinder. is with ‘compressed from, the. laboratory. air 
and heated up to. the.required, temperature. The. leakages of air 

fittings. attached to, the the .cylinder iare very) slight—the. 

being past the, indicator piston,, This: is; overcome -by charging, the 

pas to a. slightly higher pressure, than that required’ forthe experi- 

oon, asthe: pressure has ‘fallen to. the 

figure; .As.a. ‘matters of ‘fact,, it ,been- found that there. is 

Jif, any, difference the,,results, obtained. whether: the; pressure. of 
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air in the cylinder before combustion is 400 pounds or 200 pounds per 
square inch. Moreover, with the same sprayer it is found that at a given 
temperature the effect on the: “time lag” is not very marked when the 
fuel pressure is ‘varied between 2,000 pounds and'4,000 pounds per 
square: inch. When. the charge of fuel oil is injected into the cylinder 
and ignition has taken place, which is indicated by a rise in pressure. 
and also by a slight»rise in the temperature of the air; the cylinder is 
cleared out by relieving the pressure through the vent cock and blowing 
through the compressed air. In addition to the ordinary indicator for 
recording pressure rise a separate il attachment O is fitted, which ‘is 
constrained to move vertically; This attachment is actuated by means 
ofa steel tape 0.006 inch in thickness, which is connected to’ one’ arm 
of: the bell-crank lever Z (Fig.:19), the other arm of the lever pressing 
against the end of the fuel-valve spindle. The movement of the fuel-valve 
spindle is therefore transmitted’ to the pencil and a valve-lift diagram 
is drawn on the: paper carried ‘by the continuous recorder N. A spring 
pulls the pencil attachment down when the fuel valve is closing; but it 
is only the instant of the opening of the valve which it is desired to 
avoid. The valve-lift pencil O is placed vertically above’ the ordinary 
indicator pencil, and valve lift ‘and pressure diagrams are recorded on 
the same card. ‘The indicator is: placed about’8 inches from the cylinder 
cover to protect the spring from the heat of the furnace. The piston and 
cylinder of the indicator, as in the’ case of the indicators used with the 
experimental engines; are thoroughly cleaned after ‘each test: It was 
found that the speed of the paper of the ordinary rotary recorder was 
insufficient, and a new indicator was obtained, giving a paper speed of 
20 inches per:second. Several timing devices were tried; but that now in 
use consists of a trembler coil, to which a pencil is attached, operated 
bya battery through ‘a commutator driven ‘by ‘a constant-speed clock 


1sm. is ¥ fiat] H 

The temperature of the air in. the'cylinder' ‘is: measured by base- 
metal thermocouple J ‘and an indicator R: The hot junction of the couple 
was made by brazing together the ends of “nichrome” and  “ ferry” 
metal wires. The cold-junction ends of the wires were fitted into glass 
tubes closed at one end and placed in water in a‘ vacuum flask: The hot 
_ junction is) placed in contact with the end of the sheath H, which is 
insulated from ‘the cover with asbestos washers, etc.’ ‘It takes an appre- 
ciable time to adjust the temperature of the air to that required for’ the 
experiment, and it is considered that the temperature of the end of* the 
sheath, which is made’‘as thin as‘ possible, can; for all practical purposes, 
be taken as the temperature of the air in its vicinity. a Ae 
The following experiment was carried out in order to ascertain the 
variation of the temperature of the air in the’ cylinder. The end cover 
E (Fig. 19); which corresponds ‘to’ the ofan’ oil engine; was re- 
moved and’ replaced by a’ thick sheet of asbestos millboard so’ that the 
position ‘of the thermocouple could be readily varied. The air in the’cylin- 
der at atmospheric: pressure was then heated up until a constant maximum 
temperature was reached. The thermocouple was then placed at various 
points on the center line of the cylinder, and also in contact with the 
sides of the cylinder. ‘Three sets of — were taken ‘and the mean 
temperatures obtained for each position of the thermocouple; for'a max- 
imum temperature of-about 350 degrees C., are shown''in Fig. 20.° From 
the curve showing the temperature gradient: on the center line ‘of the 
cylinder ‘it will be seen that the maximum temperature is at’ a’ point about 
3:inches from the air-cooled cover, and for a distance of 1 inch on either 
side of this point the temperature’ variation is not more than 5 degrees ‘C. 
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The greatest variation of temperature of the cylinder wall, ‘as ‘recorded 
by the couple placed close up'to the wall, occurred at the top and bottom 
of the cylinder—the top being somewhat hotter’ than the air on the cen- 
ter line. At a distance of 4 inches from the air-cooled cover the tem- 
perature of the air in contact with the cylinder top was about 10 degrees 
C. above that of the air on the center line. This was’ the maximum tem- 
perature recorded. By making each ignition experiment on a very slowl 
falling temperature it is probable that such differences would be lessen 
if not entirely eliminated. During the experiments the couple is placed at 
a distance of 3 inches from the end cover E, Fig. 19, and it is considered 
that the results obtained are accurate within + 5 degrees C0 : 
In a Diesel engine the temperature at the end of compression when 
' starting from cold must be sufficient to ignite spontaneously the injected 
fuel oil in the time available. The initial temperature of the working 
fluid at the commencement of compression will be appreciably higher 
when the engine has been firing than when it starts from the cold condi- 
tion. The cold condition is consequently the determining factor in regard 
to the compression ratio required for a given fuel oil, and in these ex- 
periments, therefore, the starting condition only has been considered. 
Assuming the equation p7*=constant between the initial and final com- 
pression pressures, the average value of m obtained from a number. of 
compression cards taken from a four-stroke engine was 1.27, with com- 
pression ratios of 11:1 and 12.1:1. This engine was started with com- 
pressed air from the cold condition, and when the speed had reached that 
usually necessary to ensure the ignition of the injected fuel the starting 
air_was shut off and the compression card taken. .. ce 
Curves showing the. temperature and pressure at. the end of. compres- 
sion for various compression: ratios are shown in Fig. 21. These curves, 
are based on the following assumptions:— 
(1).That the temperature of the air in the cylinder at the coer 
ment ot jcomneesian: when the engine is cold, is 10 degrees C. (50 de- 
(2). That the volumetric efficiency when the engine is running on start- 
Ny That the index » of the compression curve is 127. | . ‘e 
number, of combustion aiggranis were taken when starting the four- 
stroke experimental engine referred to above from the cold condition, 
using shale-oil fuel with a compression ratio of 11 ;1, and it was found 
that. to_ensure an easy start the average time which elapsed from. the 
point of opening of the fuel valve to the point at which-the pressure began 
to. rise above. the “no-fuel compression-expansion” curve had to be of the 
order of 0.04 seconds, In the experiments which were carried out in the 
ignition-temperature apparatus, therefore, it was assumed that the igni- 
tion of the fuel-oil, as indicated by the rise in pressure, had to take e 
in 0.04 seconds from the instant the fuel ‘valve commenced to lift, ~ 


the preliminary experiments ‘with the ignition apparatus a 


ture was. selected for an experiment, and the cylindér was filled with air 
at a pressure slightly higher than the pressure corresponding to the tem- 
perature obtained from Fig, 21 (full lines). The air was then heated up 
until. the reading of the temperature indicator was steady at the desired 
- temperature...As soon as the pressure of the air in the cylinder had 

fallen to the pressure corresponding to the. temperature the indicator dram 
was set in. motion and the weight, W, Fig. 19, allowed to fall, thus in- 
a, small of fuel-oil the in the 
fuel system of .course,,,to previously pumped up to that re- 

sired. for iment. ‘The time which elapsed between the instant 


quired for the experiment, 


| 

| 

| | 

| 


NOTES. 


of opening the fuel valve and the instant the rise of pressure occurred, 
due to'the combustion of the oil, ‘was measured. If this differed from the 
time interval, allowed further experiments were made at :different tem- 
peratures and, pressures. until-the correct time interval: was recorded. By 
this. means what has been termed the practical ignition temperature: was 
obtained, for the particular oil with the assumptions-made. 


Temperature of air before ignition..........,.. 349degreesC. 
of air temperature after ignition.......... 5 degrees 
ir pressure before ignition. .....,.........<. 200 pounds to square inch. 
Rise of pressure after ignition....,........... 170 pounds to square inch, 
Fuel oil 3,000 pounds to square inch. 


A portion of a diagram obtained from the apparatus, when using’ solid 
injection, is shown in Fig. 22. The oil used Bs Shale fuel-oil having a 
specific gravity of 0.86 at 60 degrees F. The curve A shows 
pressure in the cylinder. The pressure at A is 200 pounds per.square 
inch, and the pressure at C, after the ignition of the oil, is 370 pounds per 
square. inch—a rise of 170 pounds per square inch with the quantity of 
fuel-oil injected. The curve D E F G shows the fuel-valve lift, magni- 
fied in ‘the original diagram about six times, The fuel valve opened at 
E and closed at F. The points H I J K, etc., were marked on the dia- 
gram by. the timing device, and the average time interval is 0.019 seconds, 
i.¢., the indicator, paper traveled 1 inch im 0.052 seconds. The pressure 
in the fuel system was kept constant at 3,000 pounds per square inch. 
~ Tt will be seen from this diagram that the indicator begins to show a 
rise of pressure in the cylinder at the point B, and the distance A B cor- 
responds’ to,.a time interval of 0.068 seconds, ‘é..¢., the time which elapsed 
between the commencement of opening of the fuel valve and the indica- 
tions of rise of pressure in the cylinder was 0.068 seconds. The tempera- 
ture of the air in the cylinder when the oil was injected was 349 degrees C. 
As the temperature in the cylinder of the ignition apparatus is in- 
creased the “ time lag,” represented by A B in Fig, 22, decreases.. Fig. 23 
shows the “time lag” so far obtained with shale fuel at various tempera- 
tures, It will be seen that at about 350 degrees C. the “ time lag” increases 
rapidly as the temperature falls. The lowest temperature at which there 
was any sign of ignition shown on the indicator card was 260 degrees’ C.. 
the lag being 3.5 seconds. iy 
_ With shate fuel-oil, when using solid injection, it has so far been 
found that a temperature of about 380 degrees C is required for’a “time 
lag”: of 0.04 seconds, but this temperature is much higher than the tem- 
perature at the end of compression of the experimental engine’ (Fig. 21) 
with. a pro prestion ratio of 11 :1—and the engine will start readily from 
cold with shale fuel-oil using this compression ratio. 9 
“In a Diesel engine, owing to thé cooling effect of the piston, cover, and 
liner, the temperature of the air near. the walls at the end. of compression 
is less than the temperature of the air in. the center of the combustion 
space, ije., there is a hot zone in the center. of the combustion space, an 

it is through this hot ‘zone that the, fuel'is sprayed. “The' temperature of 
the end of compression from Fig. 21, which is derived from the formula 
pv = constant, is a measure of the mean’ temperattire of the combus- 
tion, space—but it is the maximum température of''‘thé combustion ‘space, 
i.e,, the temperature of the hot zone, which causes the fuel-oil spray to 
ignite, It would appear, therefore, that the temperature ‘obtained from. 

ot zone in the combustion space of the engine, and consequently 
temperature-compression tatio curve “A Bin g. 21 ‘atinot’ be used to 
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ascertain: the compression ratio: to: be 'to 
from cold with a given fuel-oil. It is probable that the curve C D, shown 
dotted in Fig. 21,\ would be more nearly correct for this purpose, but this 
question is being further investigated:’ The maximum temperature of the 
hot zone in an engine, is of course, dependent on the shape’ of thecom- 
bustion chamber. 

_ Although a large number of tests have been made with shale fuet-oit; to 
ensure the satisfactory working of ‘the’ apparatus, there has ‘been ‘no’ time 
to carry out many ‘tests with:oils of other brands. So: far asthe experi+ 
ments have gone with shale-oil ‘fuel it ‘has been found that for the’ same 
quantity of fuel-oil injected an increase in the initial temperature of the 
air in the cylinder resulted up to a certain point in an ineréasé in the 
maximum pressure rise and in a reduction in the “time lag.”) Above this 
point an increase in the initial temperature reduced the “tinie*lag,” but 
the maximum pressure rise due to the combustion of the fuel-oil began 
to decrease. This would appear to indicate that combustion was delayed 
at the higher temperatures, and it confirms the -results obtained with the 
four-stroke engine during the tests with the hot plates, referred to on page 
151. A few experiments were made with’ shale fuel-oil when using air 
injection, and it was found that it was necessary to have a ‘temperature of 


about 40 degrees C. higher than the temperature with solid injection, for 
the same “time lag.” 


As previously mentioned some marine Diesel air ‘compressors. have 


few a continued source of pe Although there are many ts to 
considered the author would like to mention two, which, itt his’ opin- 
ion, have been largely responsible ‘for the difficulties which have been 
encountered in certain cases. : 

In’ nearly’ all ‘cases a Diesel compressor is provided with sufficient 
capacity to charge the starting-air bottles as well as to ‘provide’ the ‘requi- 
site quantity of blast air, and it frequently happens that the compressor 
is not designed’ from the point of view’ of the work it will be expected 
to perform during the greater part’ of‘ its life. It has also’ been noticed— 
anda case occurred recently—that when a firm specializing in compres- 
sors is asked to°supply'a machine for coupling to a Dieselengine the only 
items generally specified are the maximum output required in free air per 
minute (whichis fixed as to ensure a‘ good margin), the*revolutions 
of the compressor and the maximum working pressure. ‘No ‘mention’ 
made of the volume of air which will ordinarily be ‘necessary ‘for ‘blast 
purposes, In’ consequence of this the compressor is designed for the full 
output, whereas most of its’ time’ it will be ‘Tanning at a reduced output 
for supplying blast air only. 


As an example} ‘let it be that a compresso de> - 


signed so that the theoretical final temperattire is the: same-in stage. 
If the clearance volumes in the first, second, and third stages are taken 
as 4'per cenit, 4 per cent and 5 per cent, respectively, ‘and itis assumed 
that the air-suction temperature is 70 degrees F., atid that’ it ‘is ‘cooled to 
70° degrees between ‘the stages, the temperature at’ the ‘end! of each 
stage, obtaifed from theoretical diagrams, would be about 280 degrees F. 
for a final pressure of 900 pounds per square inch. If the compressor sup- 
plies blast air only, which is assumed to be seven-tenths of the oo — 
the maximum theoretical temperature will rise to’ 336 degrees F 

to the increased’ ratio of compression. “When supplying blast’ aie: iter 
under working conditions, with tight valves, temperatures higher than 336 


degrees F would be reached on’ account of ‘the increase’ in pressure neces- 


sary to cause the flow of air and to overéome the’ frictional ‘resistance of 
valves and Passages, dependent on the’ ‘the intereoolers 
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on the arrangement of the stages, Further, it is also probable that after 
the first stage. the, initial temperatures of the second and third stages 
would be higher than 70 degrees F, There is no doubt that’ in certain 
circumstances very high final temperatures are obtained and small ex- 
ns in pipes, etc., which have affected the good working of the valves, 

ave not been exceptional. 

‘From the point of view of maximum air temperatures, therefore, it is 
considered preferable to fix .the staging so as to get the minimum, stage 
temperatures. when the compressor. is supplying blast air only. As. an 
alternative, should the general. arrangement. of. the machinery. permit.-of 
this,,a four-stage compressor could be fitted. In the alternative scheme 
the first-stage would be of sufficient; capacity to give the full output re- 
quired for chasing the starting-air bottles and providing the blast air, 
and ‘the ‘second stage would be of. sufficient capacity for providing blast 
air only, with a small margin. When charging starting-bottles all. stages 
would be in use and there would be four stages of compression, but when 
providing blast air only the first stage would be cut out entirely and the 
second, third, and fourth stages would operate as a three-stage compressor 
——the second stage then taking its suction from the atmosphere. The 
dimensions of the third and fourth stages would be fixed so as.to give the 
minimum final temperatures in the second, third, and fourth stages when 
supplying blast air only. It is not necessary to go into the question of the 
oreenaccent of. suction pipes with this proposal Mut no difficulties are 
anticipate 

With the four-stage proposal, when supplying blast air only, the second 
stage virtually becomes the first stage of a three-stage spmmpsessos, and it 
is pumping at practically its full output. The difference in volume. be- 
tween the first and second stages would, of course, depend on the extra 
output required for charging starting-air bottles, In the case of a com- 
pressor attached: to.a two-stroke engine, when the scavenging pressure is 
from 3 pounds per square inch to 4 pounds per square inch, a three-stage 
compressor could be fitted, and arrangements made so that when charging 
starting-air bottles the first stage would take its suction from the scavenge 
air supply instead of the atmosphere—which is equivalent to the four- 
stage proposal outlined. .. 

An excess.of lubricating oil in the compressor cylinders, combined with 
the comparatively. high temperatures referred to above, is another fre- 
quent source of trouble. Ina number of designs, particularly in the case 
of high-speed engines with enclosed crank-cases, the first-stage cylinder 
of the compressor is 0 to the crank-case, and the piston is of the 
ordinary trunk type. Guards are frequently fitted over the compressor 
crank, but they do not prevent the lubricating oil, 5 sepentaty from the first- 
ney piston gudgeon. pin, finding its way on to first-stage cylinder 


re = the case of enclosed engines. there is always an oil mist in the crank- 
case. It has been mentioned that the period during which the compressor 
is used for the dual duty of charging starting bottles and supplying blast 
air is a comparatively small fraction of the time the compressor is work- 
ing. For the greater part of its time the compressor is, therefore, run- 
ning at reduced output, and, the throttle in the first-stage suction pipe 
being partly closed: to effect this, the resulting partial vacuum in the first- 
stage cylinder facilitates the passage of lubricating oil and oil mist past 
the piston. In cases where the first-stage cylinder is open to the oraatr 
case it is considered that better results would be obtained by— | 

1, Removing the throttle from the first-stage suction, 

2, Fitting a drain bottle of suitable capacity between the ‘first-stage 
cooler and second-stage suction. 
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3. Fitting an overflow valve to the drain bottle, 

4. Fitting to the first-stage piston a suitable guard with a drain so that 
en oil. from gudgeon ‘pin falls clear of the compressor 
cy 

om: the drain bottle: wuld’ be the: of 
trolling the supply of air. The first stage would always work at its full 
capacity, and there should be less lubricating oil, drawn into the cylinder. 
It is probable, however, that a small quantity of oil would still f find its 
‘way in—in fact, a certain amount would be necessary for ordinary lubri- 
cation—but a proportion of this oil would be: discharged: through the 
overflow valve on the’ drain bottle, which would: always. be open except 
when pumping up the starting bottles.* 

It might. be mentioned chat difficulties were experienced with the com- 
pressor of a certain high-speed engine, and it was found: that the quan- 
tity of lubricating oil which found its way into the cylinders was exces- 
sive. More effective guards, ete., were fitted which reduced considerably 
the quantity of lubricating oil which passed from the crank-case into the 
compressor cylinders. Since the alterations were made the compressor has _ 
given no trouble. 

In the case. of high-speed reciprocating steam engines fitted with 
forced lubrication great care is taken, although for another reason, to pre- 
vent lubricating oil finding its way into the cylinders, and it is a question — 
well worth considering whether compressors for Diesel engines should 
not be treated in a similar manner. would slightly increase the first 
cost of the Diesel engine, but the cost of upkeep, so far as the compressor 
—_ is concerned, should be less, and the engine should be more re- 

e 

It is considered, therefore, that by gi closer attention to the staging 
of the compressor, and also arranging it with the’ view o 
reducing the chances of lubricating ape passing into the cylinders in .¢x- 
cessive quantities; the troubles with compressors should be considerably 
reduced, if not entirely 

The air compressor question has frequently been. considered at the 
Admiralty Engineering ratory, and ana ent has been devised 
following on the. lines of Trinkler’s proposal. ould: such «a. “sagen be 
found in every way satisfactory it would, result in’an appreciable r educ- 
tion in the number of vital parts in a compressor. 

The experimental work which has been outlined in this paper is con- 

_cerned principally with the high-speed engine, but the injection of fuel- 
oil is equally important in the case of the slow-speed engine, and several 
of the questions dealt with are common to both types. In some cases, par-“ 
ticularly in the case of the ignition experiments, the results given are not 
as complete as one would wish, as the experiments are proceeding, but it 
is hoped that what has been given will prove of interest to the members 
of the Institution, and that the reasons advanced for certain. occurrences 
will stimulate’ discussion. 

In conclusion, the author desires to express his henge to the Admiralty 
for permission to read this paper, and to the staff of the Laboratory, 
especially: to Mr. Newman, Chief Designer, and Mr. Aitken, Chief Test- 
ing Engineer, for their valuable assistance in connection with the experi- 
mental work. The author also wishes to acknowledge the valuable assist- 
ance rendered by Dr. O. F. Hudson in connection vie seas — ex- 

— “ Engineering,” Dec. 3. and 10, 1920. 
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The rapid and almost universal adoption of the méchanical reduction 
gearing in conjunction with peo oe tutbines for the propulsion of all 
«lasses of ships is certainly one'of the most’ remarkable and ‘most com- 
plete revolutions in the whole history of the development of marine engi- 
neering. Within a space of no’ more than 10 years, from the position of 
being almost untried, the mechanical reduction gear has come to be most 
extensively employed.» Such a result; of course, could never have been 
achieved unless the idea: of employing «gear wheels between the turbine 
and the propeller had: met a long felt want, ‘and the fact that it enabled 
the efficiency of both to be greatly ‘increased as compared with when they 
-were directly coupled together added no doubt to the attractiveness of the 
idea, Moreover, the rapidity with which engineering science solved the 
problem of manufacturing the wheels and pinions even when the highest 
powers were being transmitted is to a large extent responsible for the 
success which has attended the employment of mechanical gearing. . 

There is, however, a distinct possibility that this complete and 
success may not prove ultimately to the benefit of the idea of u 
mechanical gearing, There is already noticeable a tendency for the type 
of gearing employed to become standardized, and as a result, improve- 
ments either in design or in’ methods of production are not being made. 
The reason for this is not far to seek: When it is remembered that the 
efficiency: of transmission obtained with gearing as prodiced today is 
somewhere in the region of 97 per cent, it seems difficult to imagine that 
any improvements can be made; but it: will be at once admitted that it is 
not only in the direction of increase of efficiency that we are to seek im- 
tiger A there are’such problems as the ‘space occtipied by the gearing, 

weight, its’ lubrication; ‘its position relatively to the turbine, etc., all of 
which are worthy of the closest study with a view to improvements being 
‘effected. Again, the question of cost ‘is of prime’ importance, and there is 
always sar. of scope for the introduction of improvements which will 
materially reduce’ the cost of production of ‘the ‘complete set of: gearing 
without in any way’ sacrificing durability, 
- At the present time the double-helical form of gearing is almost invar- 
iably ‘employed in which’ the pinion on the’ turbine ‘shaft drives either 
through one set of wheels or two on'to the propeller shaft, thus giving the 
required ratio of speed reduction; It is generally admitted that with high- 
speed turbines running at somewhere in the region of 4,000 revolutions per 
minute a double reduction gear ‘must be employed if an’ economical pro- 
peller speed is to'be obtained, The double reduction gearing is, however, 
obviously ‘heavier, more costly; ‘is not so éfficient and occupies more’ s 
than does the single reduction gearing, and for this reason many makers 
are inclined, even at the sacrifice of a certain amount of turbine’ efficiency, 
to adopt single reduction gearing. It would ‘prove ‘of. the utmost value 
if some comparative data could be obtained giving the total efficiency of 
turbine, gear arid ‘propeller with vessels of the same class but»in which 
some have single reduetion and others double reduction gearing. Again, a 
considerable amount of diversity of opinion exists as to the best arrange- 
ment of the turbine and propeller shafts relatively to ‘one another. ‘It is 
now widely recognized that the center lines of the shafts need not be in 
the same horizontal ‘plane, and the pinions can be placed anywhere around 
the periphery of the wheel according to the general lay-out of the engine 
room. 
One of the great disadva of the single reduction’ lies in the 
fact that it involves the employment of a gear wheel of large diameter, 


i 
MECHANICAL REDUCTION GEARING. 4 
if 
4 
; 


NOTES. 197 
“thus tending to unduly raise the positions of the ller shaft and the 
turbine. While, however, this disadvantage will be admitted, it may be 
made a source of gain or economy if the turbine be mounted sufficien 
high, so as to allow the ‘pinion to run on the top of the gear wheel, an 
sufficient space is provided to enable the condenser to be placed immedi- 
ately below the turbine, being motinted on the condenser so that the tur- 
bine exhausts ‘direct into it. It will be seen that the long length of ex- 
haust pipe usually found in a ship’s engine room is now eliminated, there 
being a considerable increase in the vacuum with corresponding gain of 
economy in operating the turbine. There is also the gain of space in the 
engine ‘room. ‘This method of mounting the turbine immediately over the 
condenser is generally adopted in electricity generating stations on land 
where the economy of operating the turbines reaches a very ap figure. 
The conditions on board ship are different, of course, but it should be 
possible to introduce this principle with considerable advantage. 

But while the efficiency of the mechanical reduction gearing, as at pres- 
ent made, is far and away superior to other forms, it is just as well to 
remember that the electric and the hydraulic do exist, and that these have 
one or two features which strongly recommend them to marine engineers. 
Thus, with both the hydraulic and the electric 8 hen sie the simplicity with 
which the propeller can be reversed without affecting the direction of the 
main turbine is a feature which is of great value, particularly in the case 
of war vessels. Again, the eerie of these systems, that is the range 
of propeller speeds which can be obtained without calling for a similar 
variation in the speed of the turbine, is also a feature which recommends 
these systems again particularly to the naval engineer. Thus, while the | 
mechanical reduction gearing has proved itself,so far to be far superior 
to all other forms, it is not impossible that a close study of these other 
systems might reveal methods whereby the required end of economical 
turbine and propeller speed could be obtained in a far less costly way 
than at present. Actual efficiency of transmission is not all that is re- 
quired, for if a system of gearing could be devised which in cost, weight, 
space occupied, reversibility and flexibility proved itself to be far superior 
to the system now so widely employed, we should be prepared to sacri- 
fice a certain amount of efficiency of transmission in order to obtain 
these and other desirable ends—‘ Shipbuilding and Shipping Record,” 


Nov. 11, 1920. 


‘THE MEASUREMENT OF PROPELLER THRUST. 
Among. the which are now found useful for ihe 


equipment of ships, not so much for the purpose of increasing their earn- 
ing powers as to give guidance along scientific lines, that which records 
the actual thrust produced by the screws must soon come into more gen- 
eral use. In an interesting paper read to the Institution of Naval. Archi-. 
tects at Liverpool in July last, Mr, Frodsham Holt gave an analysis of the 
results of the destroyer Mackay, in which vessel records of thé actual 
thrust had been taken. When by means of torsionmeters the actual shaft 
horsepower delivered can be measured and by means of thrust, recording 
apparatus the actual thrust is obtained a close estimate can be made of the 
actual efficiency of the screw. the 
To Mr, Hamilton Gibson, of the firm of Cammell, Laird & Co., belongs 
much of the credit for making this measurement possible. In a paper read 
to the Institution of Naval Architects in 1907, ’on the subject of pica 
meters, he remarked on the importance of eliminating unknown and 
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able factors, such as engine friction, in arriving at the actual shaft horse- 
delivered to af the: same, time s d that the 
vestigation should be carried a step further by the use of, simple appar- 
atus that would record the actual thrust, along the line of shafting, an 
enable a direct comparison to. be instituted between the power transmitte 
to. and. the power produced by the propeller, An opportunity, presented 
itself for attempting this measurement, and in the first instance, spring 
balances were, used for, taking the whole. propeller thrust. The, wide oscil- 
lations of the balance pointers, however, made. it impossible to obtain re- 
liable readings. Following this attempt a hydraulic method. was, tried 
with. complete: success. Sir Archibald Denny has. stated that his firm has 
also. made accurate thrust measurements, but no records of such, so far as 
the writer is aware are in public print, |. 
Having obtained this thrust, the problem arises as to how to make me 
of the information. Mr. Holt’s, paper .is.an answer to this query. To 
begin with, the effective horsepower of the vessel should be known. This 
effective horsepower is the power actually necessary to overcome. the re- 
sistance of the ship, 4 ¢. a particular resistance in tons requires to be 
overcome if a certain velocity is to, be obtained. On the average it is 
found that it is necessary to produce double the horsepower that this con- 
sideration. of speed. and resistance suggests, and this is caused mainly it | 
propeller losses. The actual resistance of a yessel. cannot be measured, 
so recourse is made to experiments on a model of the ship, and from the 
recorded resistance of this model that of the full-sized ship is calculated, 
In the case of a twin or quadruple screw. ship, either some allowance, is 
made for the resistance of the appendages or the model is run with 
bossings, bilge keels and rudder fitted thereon. 
_ It is known that the thrfst required must be greater than the resistance 
of the ship, because of the augment to the resistance caused by the suc- 
tion action of the screws on the water in front of them... The difference 
between the recorded thrust and the actual resistance is the amount of this 
augment to resistance, which is otherwise known as the thrust deduction. 
This value is one of the factors in what is known as the hull efficiency. 
The latter term is. applied: to the gross result obtained through associating. 
together the advantage gained in propulsion, through the presence of the 
wake and the apparent loss. due to this increase in resistance just referred. 
to, namely, the thrust deduction. In order, therefore, that the hull eff- 
ciency value can be arrived at it is necessary to know the speed of ad- 
vance of the water in which the screws are working, viz., the wake speed. 
Alla progelics. is called upon to do is to produce a thrust equal to the 
augmented ‘resistance. The thrust horsepower is’ proportional to this 
thrust multiplied by the speed. of. advance of the propeller in relation to 
this wake, It follows then that the greater the speed of the wake is, the 
less becomes the thrust horsepower necessary, to maintain the speed of the 
ship, Thus the’ thrust horsepower may be much Jess than the: effective. 
horsepower, In such, a case the hull efficiency value is greater than unity. 
This gain through large wake values may be more apparent than real, but. 
this. need not be discussed here. In order then to arrive at. the thrust: 
horsepower it is sing to know the wake speed. This cannot be done 
by actual measurement, but is estimated from the performance of model. 
screws of the same pitch and area ratios as that. of the full-size screws, _ 
It is found that the model screws show a higher efficiency than. that. 
given, by the full-sized. propellers. In, the case of the Mackoy’s analysis 
what, is called the “rotative” efficiency was, introduced to, take account of _ 
this difference in. performance between the experimental and actual screws. 


From considerations of the effective horsepower at a particular speed and. 
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the shaft; horsepower actually necessary to obtain that speed ‘the propul- 
Sive efficiency: is. known. Neglecting the smail cotrection' for loss in power 
between, the, point where the torsion is actually: measured: and ‘the: serew, 
this propulsive efficiency should equal: that'of the propeller multiplied: by: 
the, hull. efficiency: value. It is found, especially at low that! the 
actual, propeller efficiency is very small, much less than that indicated 
from. the performance of model screws. It is difficult to find ‘a: reason for 

‘full-sized propeller being  :léss' efficient than the corresponding model: 
screw; and although this “ rotative”: efheiency — account ‘of 
no, guidance as to:its cause, | 

Mr. .Hamilton, Gibson ‘suggested that” thes: design: 
soon. be made onthe: basis. of: production of stated thrist, and! with ‘this: 
view the writer, is inclined to agree, for the thrust: 
consideration in Froude’s propeller curves—is a very elusive value, ‘whilst 
the actual thrust to be developed ican be: very closely estimated: 

Propeller design is a:really difficult task; although screws approximating 
to those of greatest efficiencycan be easily enough arrived at, but the di-+ 
mensions of the screws:to give the highest efficiency to fulfil stated icon-' 
ditiona is are to Shipping. ca Oct.’ %, 
1920, - ait 


By Eanest H. Eso., 


In’ the’ years which ‘have passed since a paper on 
oil fuel was presented before this Society, the great World War has been 
fought’ and won by’ the’ ‘powers opposed to barbarism—won so recently, in 


fact, that the question “ who will win the’ peace” is still’ debatable. 

During this war the use of oil for the generation of’ steam has assumed’ 
an unprecedented importance, and I’do not think it wide’ of the ‘mark to 
say that the next great war will be won by the nation most plentifully 
supplied with oil fuel; at least it catitiot be won by any nation whose sup- 
ply of oil will not successfully meet a stupendous demand. It must be 
hoped: that our own government will immediately and adequately recog- 
nize this condition. 

But it is not with the supply of oil that I intend to deal, except to say 
that I am reliably informed by those in a position to know that the Amer- 
ican driller, the American tanker, and the American dollar will assure 
this country of the oil it needs, if they are properly backed by the Ameri- 


of the next war, I; may be charged with being:a reactionary. 

I radars share the view iat some day rast ai warfare,, may, be, 
controlled to a degree proportionate to the success with which private 
warfare’ has already been reduced in civilized nations, but the whole 
scheme of nature shows that to survive one. must. be prepared to ‘fight, and 
preparedness today largely signifies the organize 
and use natural forces to the limit of skill aflannnacnott 

Regret it as we may, the competitive necessity of warfare i inspires more 
rapid scientific progress than times of peace. It is not strange, therefore, 
that we may look to the military arm of our government for the first 
signs of advance. in the use. of natural time of war they. face 
the other. nations, andy in: time. of, peace; this com- 
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petition is in no ‘ead lessened even if»it be. potential in character, No- 
where: is this leadership better: illustrated than in the now: universal use 
q of the mechanical atomizer on oil-burning ships. First exploited in vessels 


of war, it has found a fertile field in the merchant marine. 


The United States Navy is again pointing the way to future: develop- 
ment. in: oil: burning. In ‘co-operation with leading mercantile interests 
of who are manufacturing equipment for the Navy, they are experimenting 
4 not only inthe use of heavy viscous oil but are demanding larger units 
: and greater individual capacity both in boilers and in oil burners; I pre- 
: dict that this increase in size and rate of forcing will mark the trend of 
j future development in the merchant marine..: oday there has been no 
marked advance along these lines in the merchant service, 
. the fact that the number of oil-burning ships has been’ enormous 
( creased and our imagination has been stirred by the fitting up for oi fuel 
of some of the largest transatlantic liners. 
| Iam indebted to the American’ Bureau of Shipping for permission to 
i use the following estimate of: the number: of oil-burning vessels as com- 
i pared to those burning coal. Under date of September 15 they state:— _ 
i “1, For the coal and oil-burning data of vessels now operating, the fol- 
4 


lowing has been compiled from various sources, none of which gives ton- 


nage figures. It is to be assumed, however, that authentic tables, being 
used in comparison with those that are incomplete, will give a” good 


knowledge of the information desired. 


“2. United States Shipping Board venta, which ale up the bulk of 
American vessels, are daily changed from coal burners to oil. 


“3. On August 1, 1920, there were documented in the United States the 
following number of steel and wooden of 500 and up: 
} 2,622 vessels of 10,535,922 gross tons. B. owned 
1,662 vessels of 7,074,971 gross tons, to private owners 960. 
vessels of 3,460,951 gross tons. 


“4. No comprehensive data being available as to the. fuel of these ships 
we will make a comparison with those facts available, as of seamed 1, 
1920, to.U. §. vessels only, 4 


Oil burners ..... 635 42.5 


sha 


Applying this ratio to” ‘the Board holdings of 1,662 


~ 1,662 } 
rhe 960 pri rivately inethod be applied, 
The American Bureau of Shipping report’ of September 1, 1920, on steel 
vessels building in the United States to private accoun having ‘authentic 
figures relative to the fuel of these vessels, will be of abe It follows :-— 


4 
| 
| 


if 


total, 383, ‘fons, ‘fons. 


burners’. 

Non-propelled 


Applying these to’ the’ 060° ship in we 
Coal burners, approximately, 48 vessels; oil barners, ‘approximately, ‘555 
vessels; the balance being mainly non-pro “ee 
It is ititeresting to note at this point that of the (steel) now 
building to priyate account, more than 58 per cent is made up of tankers. 

9, yates of the above data brings out the’ fol lowing :-—"" 


. Oil burners, approximately. 1,260 


“Thus very are us oil fuel successfully and ‘from 
the estimate of the American Bureau of Shipping it'is evident that nearly 
56 per cent of the present American self-propelled merchant fleet ‘con- 
sists of oil-burning vessels, it is probable that in not one of these ships 
is there a boiler containing more than 4,500 square feet of heating sur- 
face in the individual unit and no single oil burner capable of atomizing 
over 600 pounds of oil per hour, while the oil burned per hour per square 
of surface under forced-draft conditions” will not equal one- 

alf poun 

In other words, the present boiler and oil-burner practice in the. mer- 
chant marine is following closely along the very conservative lines of 
previous custom, and the full’value of the use of oil fuel has not yet been 
approached. Owners and designers have been content with the many great 
savings and advantages of oil fuel without perhaps realizing. all its. possi- 
bilities in the line of increased capacity without serious loss: in economy. 
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There ee sre yp for this. In the first place a large number of 
vessels. now burning oil were originally designed for coal, and. in) others, 
which. were, designed; to rest oil, the old proportions appiing the coal- 
burning ships have been adhered to, in many instances pro because 
it is feared that a return to coal fuel may some. day necessary. 


become 
' Furthermore, in the large majority of instances the se are fitted with 


Scotch boilers, and the above res mark practically the limit to which 
such boilers may be forced with safety. The same statement will apply 
also to water-tube boilers until such time as more consideration is given 
to the type of condensers and the size and design of evaporators. 

In marked contrast: to the merchant. marine, the. Navy Department, is 
making rapid advance of a most important character. It,is' now using 
water-tube: boilers entirely in fighting ships, with improved. ‘condensers 
and evaporators. Boilers are being constructed containing more than 
11,000 square feet off heating macinens while in the matter of size and 
capacity of oil burners, within the last few weeks successful tests + 
been run at the Fuel Oil Testing Plant at the: Philadelphia Navy Yar 
mere than one ton of oil was atomized ‘per hour’ in' the indi 


If then, asl believe, the work of the Navy is a forecast..of, what will 
eventually be the trend of development in the merchant,marine, not only 
will considerable _impepeempest be made in oil-burning equipment, but the 

boiler, with its enormous weight, poor circulation and, unsuitability 
hig will thing of past. gel of boiler has 
en, totte on its support of, prejudice reactionary 
beltet at. ia, to. keep. salt water, out of . the feed. system. 
We shal in its large,, safe, light, economical, water-tube 


led. in -rooms, burning oil and. operating under 
drat draft with a atomizers, 


The remarkable economy ,of the, properly designed small tube eevee 
type water-tube boiler at igh rates of forcing with oll res demon- 
strated not,.very long ago in some notable tests at the Fuel Oil Testi: 
Plant. ‘The tests were conducted under the direction of Lieut. Command- 
ers Penn and’ W. R. Purnell, U. and their’ staff of trained’ 
assistants, The boiler was of the White-Forster® design; ‘built by The 
Babcock and Wilcox Company, and contained 7,565 square feet of heating 
surface and 753 square” feet of superheating surface, the furnace volume 
— 751 cubic feet: “Three different types of. air’registers were ‘used :— 

ureau of Engineer. tanaring, forced-drafe design (of which there were six- 
pron, units installed), the Bureau of Engineering natural-forced-draft de- 
evil ort units), and what was then known as the Peabody register 
actured by The Babcock.and Wilcox, Company, designed for either 
or natural and. of which gos were also eleven 
three registers were tested successively with bureau burners. Final tests 
were then. made with Peabody burners. with Peabody air. registers only,* 
os hrough the courtesy of the, Navy,Department I am able to include in 
paper the official results of, the Tast two series of these tests, Table I, 
and {a ve taken the liberty of giving the plotted efficiency results of all 
r series in Plate I, 

It will be noted that in the highest capacity test of June 10, 1919, there 

ere eleven burners in operation, each atomizing 1,032 pounds of Navy 
Standard Oil (25.5 Baume) per hour, giving a consum Bmpsion of 1.5 pounds 
of oil per square foot of heating surface per hour, The evaporation of 
ae ms pound of. oil from and at 212 degrees F. was 15.14 po 


now designated’ The Babcock and Wileox Air Repster aod 
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3 evaporation of ‘water per ‘square’ foot of ‘heating ‘surface per 
ie, Sh pounds ftom and at 212 d $ with an efficiency of 76.15 
‘percent. The air pressure in the closed fire-room was 9:5 inches ‘and the 
rate of combustion per cubic foot of furnace volume reached the very high 
figure of 15.12 pounds of oil per hour: It is believed that this test 7 
as a world’s record fot’ efficiency at high boiler and furnace ca 

In the burning of oil there are many things more important than the mere 
rate of combustion’as measured in pounds of oil’per square foot of heat- 
ing surface. “The ‘latter applies rather more to ‘the ‘boiler, and the ulti- 
mate capacity is a function of efficiency in heat absorption as well as the 
‘amount of oi! burned.’ But it is interesting to note that tests have been 
made in England by Babcock & Wiléox, Ltd., in which the rate of ‘com- 
bustion practically equalled 134’ pounds ‘of oil ‘per square foot of heating 
surface per hour. I am indebted to The Babcock and Wilcox Company 
of ‘New York the following’ memorandur these 
Under date of September 9, 1920, my friend and  foriner 
Walter M. McFarland, writes: 

“The test of a Babcock and Wilcox boiler was made at Rénfrew iti the 
early part of 1917. This boiler was composed almost entirely of small 
tubes and was entirely Srreximnental, a first step in.a serjes of studies. 

“Six tests were’ made, in’ whic! of 
pounds per square foot of basting: surface per hour, or higher; one test 
was at the rate 1,53 pounds air pressure of,2 inches, and the 
was. at the rate ria 1.74, pounds with an, air. pressure. of. 2.08 inches. 

pe case the. baffling was of, checkerwork.on the top of. the 
hile. in the latter there gs no baffling. at all.” The oil burned per 
cube foot: of furnace volume the highest rate 11,64 Pounds per 


‘In a, paper before. the, Naval. Architects presented. by 
Harold Yarrow some years ago, reprinted in the Journal ov THE AMeni- 
can, Society or Naya. Encrngers for May, 1912, a test on a: Yarrow 
boiler. was .report which the Figures 1:94 were..given as, the rate.of 
combustion i in pounds of. oil per sa savers foot, of. heating surface per hour. 
It is to be noted, however, that in this test a damper in the uptake over 
one bank of tubes was closed and that the above high rate of combustion 
was reported on the assumption that only half of the heating surface was 
making steam. This assumption is, of course, unjustified, and it appears 
that the highest tate obtained in the Yarrow test was 1.24 per square foot 
of heating surface. 

Impressed as I am with the importance of naval | experiments, I have 
made an effort to secure some information as to what w was being done 
the development of oil burning by the British Admiralty, In this I have 
not been successful, but I am informed that a paper fae with this sub- 
ject i i to Age presented by Sir George G. Goodwin, Engineer in Chief of 
i Admiralty, before the Institute of ; aval Architects next Feb- 


as 3 to the work of the United States Fuel Oil Testing Plant now 
under the command of Lieut. Commander Purnell, it seemed at first 
sight that- 1.032 pounds of oil per burner per hour was rather a notable 
shievement. It is interesting to state, therefore, that this record has 
already been materially outstripped. Early in the past summer The Bab- 
cock & Wilcox Company offered six air registers of their standard de- 
sign, but of an enlarged type, with mechanical atomizers capable of 
send 1,500 pounds of oil per unit per Hour. These were tested by 
Purnell. under the same White-Forster boiler 

scribed. six burners successfully sprayed over 9,000 pounds 
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per hour under. conditions S.. scout 
cruisers now under construction, The oil per square eg be of heating sur- 
face was. appr roximately 1,2. pounds, and. the oil. percubic foot of furnace 
volume per hour about 12 pounds. 
_ This record was,exceeded in August, i in. a. test of the Normand boiler at 
the Fuel Oil Testing Plant. This boiler contained, 4,500 square feet of 
heating surface and. 487. cubic. feet furnace volume and. was fitted with 
three of the recently. developed, Peabody-Fisher_wide-rang e.mechanical 
burners. and new Peabody air registers... Crude Mexican oil ‘oil of 13,3. Baumé 
_ was used and the three burners each: atomized over. 1,800 pounds. of. oil 
per burner per hour, without smoke, carbon or: other. objectionable .con- 
ditions. The oil burned per, 9 im re foot of.heating surface was 1.2 
nds per hour and per cubic oot of, furnace, volume 11.15 pounds. per 


ithe following letter. from Commander Parnell (enclosed: the rests of 
the tests as given. in. able 


Attention of E. H. Peabody, President 

am enclosing’ of ‘tesuilty’ of tests on Nor- 

mand boiler, which was equipped ‘with three Peabody air registers and 

three Peabody-Fisher wide-range fuel-oil atomizers. 

’ “The Normand boiler ‘has not been ‘used for testing purposes for ap- 

proximately five years and is not equipped with the latest appliances and 

instruments for securing test data. Howéver, I believe the final calcula- 

» tions can be: taken as representative of what can be expected from ‘the 


boiler 

ak “While the tests were not official in ‘so far as they were not run to 
meet specific requirements, the samme procedure and methods ‘of 

were followed as afe Customary on an official series. 


“Yours very truly, | 
Lieutenant Commander, U. S. 


It is ‘os fair to say that this eather remarkable capacity ‘test was in a 
measure unexpected, as the original intention was to burn 1,500 pounds 
of oii per hour per burner. Also, while the boiler and’ furnace iency. 
is low compared to results in the White-Forster tests, the results are 
‘better than the previous record on the Normand, boiler as reported by 
Lieut. Commander (now Captain) John J. Hyland, formerly in. command 
of the Testing Plant. Thus at the rate of .455 pound of oil per 
square foot of heating surface per hour the previous efficiency result. was 
74.5 per cent, while the present record is 80.67 per cent. No test was run 
previously at a rate higher than 1.05 pounds of oil per square foot of 
heating surface per hour, but the efficiency curve extended to the 12 
pounds mark shows 64.5 per cent, while the present record is 68.84 per 
cent, 

A new record in oil per burner per hour was established on September 
17 by Commander Purnell when three of the six Babcock and Wilcox 
units were tested, the burners being supplied with larger tips. The oil 
used was 19.9 Baumé. The test was of one hour: duration bet followed 
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several, hours’. steaming during which the: individual, burner capacity. was 
‘pushed up to: 2,000 pounds per hour, The. record: for the hour shows 2,238 


pounds, while in the last half-hour the. ‘rate: of. combustion per, burner 


reached 2,287, a safe margin over one-ton. of: oil. per burner per hour. . 
4) Owing to the three burners only being in operation in the large furnace 


it isto be:moted that: the oil burned’ per cubic: foot of was 


reduced: to/8:9':pounds per hour; 

again.indebted to the Navy Department far, ‘permission ‘to publich 
these. remarkable tests (see: Table Ill). The privilege is especially appre- 
Giated for the reason that the official report has not yet been completed.) 

These: tests are so very recent that it! is:not 'yet possible to foretell their 
-pnteide significance,::but. it is. worthy six months ago fifteen 
iburriers. were being considered. for each of the: sixteen: boilers of thebat- 
tle cruisers! now-being laid down: On the:basis:of this last performance 
-only five would-be required, and: seven: would.be a:safe estimate. To de- 
svelop: 180,000; horsepower ‘with 80 burners’ is‘a: very notable 
-performanee; but there can be no;doubt about its: being entirely. possible 
with: the equipment, which: has. been perfected: in this: country. » We shall 
no doubt hear the time-honored. warning, »against putting too! mahy eggs 
-insone basket, but nevertheless I am ¢onvinced, that the: large unit, both in 
boilers and ‘oil burners, has come to stay, particularly if.it carries with: it 
efficiency, accessibility, simplicity, wifey and flexibility, which’ it most as- 
suredly does.> 

dovnot wish to be: tinderstood saying that. I: think that, oil burners 
atomizing a ton of oil burner per! hour will, be immediately adopted 
for naval far less: for:the merchant marine,:but the:trend of mod- 
etn development is certainly in the direction of larger 
capacities:;;made: possible by the use of oil fuel.::: 1 
Referring: to the matter of: flexibility, I think I am jubtibiedd in discussing 
another’ recent elopment: which: believe! ‘marks a» distinct:'advance in 
the oil-burning: art:: It is well known: that the mechanical ‘atomizer of 
the: usual design has a decided: limitation in’ range, Unlike the ‘steam 
‘atomizer, it cannot be operated at low capacity if it is designed for a high 
ore. The lower limit: with: the: oil! pressures: ordinarily used. approxi- 
mately »one-half (the: upper. ‘The''reason’ for: this’ is. Simple: 
burner: depends’ for its atomizing effect on centrifugal force: induced by 
giving the oila rapid whirling motion in the central chamber of the tip. 


This whirling motion, in turn, is produced by delivering the oil to the cen- 


tral chamber through: eccentric passages, ‘or: small» channels: ‘substantially 
tangential to the walls of! the chamber.) the: oil which :enters the 
chamber through these channels finds an exit through an orifice concen- 
tric: with: the» axis’ of ‘rotation’ Thus asthe capacity’ of the burner is 
reduced by the obvious method of reducing: the: oil’ pressure; there isa 
lower ‘velocity through the channels and friction losses become more ap- 
‘parent, until finally the spraying effect is reduced till the oil issues from 
the tip in’ a solid stream or spray too coarse: and*uncertain to give 
the desired results. In burners of the usual type! this point, as: ‘stated, i is 
reached at about one-half the maximum capacity 

Imatomizers of the Thornycroft type,’ inowhich the size of the 
channels may ‘be reduced by an adjustment: in: the! burner;: the velocity 
through the channels is kept up to'a large extent’ atilow powers, and the 
range of ‘these burners is: much in those the ‘usual: type. 
Bat it hasbeen found difficult im: practice »to' make’ ‘individual. burner 
adjustment ‘under. service conditions; and‘ this method has never become 
even) if assumed: that: a: wide: range ‘in capacity 


NOTES. 185 


: Al 
: 
| 
4 
i 
3 j i 
| 
4 
4 
| 
; 
| 
: 
\ 
3 q 


is secured thereby, which is: ‘questionable, : The only alternative, therefore, 
‘with burners of the ordinary design is to shut off some‘ of the barners:at 
“low powers, or to change the: size of tips, or to do both, which is not un- 
usual. Both these: methods are ‘open to objection: 

“Another and radically ‘new plan, however, has been devised which 
promises very satisfactory results.: This consists of maintaining the whirl- 
ing motion in the central chamber of the tip undiminished whatever may 
be the capacity desired of the burner ;-in other words, instead.of deliver- 
ing through the orifice all: the’ oil which enters: the burner chamber, as‘ is 
invariably donein all other mechanical atomizers, a part: of the:oil supply 
‘is diverted or by-passed from the central chamber and returned“to' the 
pump suction, and the actual effective! capacity: or ‘amount of ‘oil which: is 
sprayed into the furnace depends ‘merely on the ‘proportion of: the oil that 
“is ‘by-passed ‘to. the total amount’ entering the burner.: ‘Thus;''as the 
~amount of oil entering the central chamber through the’ tangential slots 
‘remains at all-times: at the maximum, ‘the whirling of the oil: and ‘the 
atomizing ‘effect ‘remains also at a maximum, so that a: perfect spray is 
‘secured whatever ‘capacity, at- low: powers: as well as::at; the highest 
‘tate. By this method the range of ‘the atomizer is very greatly increased. 
and; instead of being limited at the ~~ powers to'50 per cent ofthe'max- 

This method of spraying is the invention of Commander jy oO. Fisher, 
US. Navy,’ now ‘fleet: engineer of the U.'S.» Atlantic: fleet.“ He first 

ied it in an’ attempt'to spray: oil ‘into the:cylindérs of an‘ internal-com- 

stion engine, where, owing to’ the intermittent action required, the 
ordinary mechanical ‘atomizer :was°an entire failure. By ithe 
by-pass a continuous flow was: secured, even’ when the | regular ‘outlet 
orifice -was: closed; The application of the principle fo atomizers for 
boiler work: followed, the result that single burner without change 
of tip.could be used. over'a greatly extended capacity range. The News 
‘Department ‘has applied«the Fisher’ burner: with: great success to: 
boilers:of the Jaunch type, where its wide range enables them to me 
the boiler: with only one: burner. I have shown the navy design of this 
burner in Plate II.. The company with which I am now: connected ‘has 
developed: a modified form of the-Fisher burner with which some: inter- 
esting experiments have been carried out with the co-operation of the 
Navy Department. It is:‘believed: that the -wide range in capacity will 
make the burner ‘especially useful:for: fluctuating loads or in any instdlla- 

rners 

' It: may be: of interest to. state that the burners having a maximum 
hotarty output. of 1,820 pounds which were tested at the Fuel ‘Oil Testing 
Plant were successfully operated at 250 pounds, while smaller tips de- 
signed for a maximum of 800:pounds were operated at ‘a minimum of 80 
pounds per hour. In our design we have dispensed with the spindle 
shown. in: Plate II and.we control the capacity entirely. by an external 
valve in the by-pass return’ line, so that by the manipulation of this valve 
any number of burners can be simultaneously increased or decreased in 
capacity over the entire range. Also, the tangential channels and the: out- 
Jet Orifice are in a single piece. 

“A matter closely allied to the use of oil as fuel, in which there has been 
no advance, and if anything, a retrograde movement, is the measurement 
of the viscosity of Unless I am grossly uninformed, we are:no neater 
a universal standard method of designating viscosity: 
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the contrary, not only are flew viscometers and new scales being devised, 
but there is a tendency in certain quarters to use Engler “ seconds” in the 
same way that Saybolt seconds are used, instead of dividing the time of 
outflow of the oil in the Engler viscometer by the time of outflow of an 
equal amount of water. The latter gives the true Engler scale, as we have 
poor Beg to. regard it, and the use of Engler seconds only adds to the 

It is probable that if the Saybolt viscometer had been obtainable by 
besten outside the large oil’ companies:ten or twelve years ago .when 
the mechanical atomizer began to be used extensively, we should not now 
be using the Engler instrument at all in this country, notwithstanding its 
extensive use in-Europe. But some method of determining viscosity be- 
came necessary and, as: usual, the Germans were on the job ‘and 
us with Engler instruments... Various methods of. interconversion of the 
two scales have been suggested,, but the problem is not as easy as it looks, 
as the | conversion factor is not constant na, the viscosity range 
and it also varies with the character of. oil ese differences are per- 
haps more academic than of real importance, as approximation ‘to the vis- 
results will usually serve. 


Roughly speaking, the. Engler degrees are 1/36. of. the. 
it, ‘S968, or where seconds and = Baglet de- 


(not seconds)... 

am fortunate in being ‘able to present. a (Plate Ill) repared 
R. C. Brierly, chemist at the Fuel Oil ‘Tésting Plant, showing the 
of the two’scales by actual test of samples of thé same oil at 

same temperature in the two of viscometer..-The solid line in 


the chart: thé ratio E which io fot 
roximate determinations. The dotted line, conn the. 

Yetermined by test favors the ratio of 36 to 1. pont 
_ Mr. Brierly states :— 
-“T am sending you enclosed the: graphical representation: of: the: the- 
ag Engler-Saybolt ratio.and points, plotted fH our determinations. 

t is unfortunate that these ratio tests were not run at one or two certain 
temperatures,.as temperature variation is undoubtedly a most’ important 
factor. . However, I have noted oil temperature beside each plotted point. 

“As a matter of interest I'rana sample of ‘Binderitie-—papet pulp 
refuse—on both machines for:comparison; I have shown ‘it: on:the ‘curve. 


of the most, important references the 1:3734 ratio. are. the. U, S. 


Navy Oil Fuel Specifications of 1917 and H. G. Nevitt i in | “Chemical and 
Metal Engineering’ for June 23, 1920, page 1171.” ; 

It is to be hoped. that some international standard ‘aisstin of measuring 
“the viscosity of oil will be adopted, reconciling the Saybolt, Engler and 
Redwood scales and eliminating the periodic appearance of new pro- 
posals for determining viscosity. Only then shall we all be able to speak 
the same language. 
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Name of oil. Ib. 


From U. 8. 8. Sub; 


U.T.L. X. 11555 
Boiler test, 4/2/18........) 
Lub. oil G. Sub, 
Lub. oil G. Sub. U-164 


| 
S44 | Ref. 9940 188 
Mayrant. | 160 | | Used by Captain Bisby in trip to 
| _ | $126 9990 | 228. 19206 fons 
9301} 350] ...... | Graiyish black loaded with animal oil. 
S-124 9294 | 360| ...... | Muddy color smells like whiskey. 
$-123 | Lub. oil G. Sub. U-164........,.] 9313] 380] ...... | Lightoiy 
5-139 | W. F. test, 4/16/19, Tidewater..| 9137] 19102] al 
| | Vetol Motor | 405] Light green, 
| Texaco Mex. Crude.............] 9760} 86] 18179 
| Reduced Mex. Puel.............] 9880] 195] 19033] 
$-104 | At. Ref. Bunker C..............] 160] 18621 
§-103 | At. Ret: Bunker |. 160'} 19994 
$-236 | Oil used at Erie, Pa...... ......] 9610 | #185 | 18864 | Jan. 6, 1920. MOST 
| S16 | 9900] 142 | 18216 Me, Mex. Fi 
‘$267 | Texaco 108°Be oil............| 1185 | 18682 
| | Schutte & Koerting exp, test oil. | .9877] | *18722 Sub by Lieutenant Commander 
$-273 | Quimby test .9974] 180 | *18664 | Sub. by Wm. Quimby, Inc, 
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192 NOTES.’ 


By Paorusson E, G, Comin, D. SC, F.RS; anp A. L. MEE. 


The present paper is an. extension of the subject matter of two former 
papers sactions of the’ Institution of Naval Architects, 
which the effects of various discontinuities were examined to find 
alteration in the stress distribution produced thereby, principally in leo 
sion members, It confirms, in general, some of the principal results of 
the mathematical theory of the stress around an elliptical hole in a_wide 
plate, which formed the subject matter of a papert by Professor C. r. 
nglis contributed in 1918. Viewing a crack as the limiting case of a 
ellipse, in which the minor axis is vanishingly small; it is easy to how, 
th from calculation and experiment, that a crack inclined to the direc- 

tion of stress produces a great concentration, which approaches an infinite 
value. A practical wey of reducing the stress intensity is to drill out = 
ends of the crack, and the experiments described here show what effec 
this produces, and also the change in stress produced, by forming allip- 
tical cavities at the ends instead of circular holes. 

At the date of the earliest of the papers mentioned above the stress 
which occurs in deck plating at a hatchway was also examined, but only 
for the purpose of determining the stress across the weakened principal 
section, whereas. the principal point of interest arises at the change of 
section of which some measurements are now contributed, to show how 
great is the stress experienced at the joint of the diminished section to 
the main body of the member. 

_ The experimental methods used have been sufficiently described before, 
and it is, therefore, only necessary to recall.that the complete determina- 
tion of stress in a plate subjected to loading in its own plane can’ be.com- 


experimentally without: reference to any theory of stress 


distribution, provided it may be assumed thatthe plate is not so thick as 
to cause a ‘variation of stress across the section, and for applications to 
other materials that load systems applied to each edge boundary are in 
equilibrium separately, as is the 1 in all the examples described here. 
_If these simple conditions are fulfilled, the solution of any stress prob- 
m at a point in ‘a plate, whatever may be its form, can be Seteeminee by 
ree sets of measurements. There are: 
The directions of the principal stresses PandQ. 
The value (P—Q) from an optical measurement. 
~ (3) The value (P+) by a mechanical measurement. 4 
It is possible, however, to dispense with the third measurement in 
complete solution, but it. is, generally more convenient to obtain this. In 
many. practical. problems, however, ofe.or more. of these measurements 
can be rdispensed with. For example, ata poitit along a boundary where 
there is no applied. load, the values of P + °Q reduce to either P or Q, 
since the other stress must be sips while the direction of: the existing 
stress is along the boundary, = 
This latter case gives an important simplification, since in many in- 
stances the only stress is at a boundary. 
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Corners,” Transactions of the Institution of Naval Architects, 1913. 
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g exampl pleis p the'case of an elliptical hole in 
ts (2a) of*the — to 
length or a varied! equa finity | 
a circle for one limit and a fine’crack 
is not proposed to’ consider circular holes here, except incidenta 


these have‘already been:examined with some care; ‘The case ofthe 
‘tical hole ‘has not ‘been examined experimentally so far as we are aware, 


although’an exact ‘solution’ is known for such ‘a ‘hole’ in'an infinitely wide 
plate. In‘order'to verify this theory, various elliptical holes were ‘cut in 
a plate of cléar‘nitrocellulose inches ‘wide: and 0.155’inch ‘thick, ‘to which 
a uniform tension load was applied in a testing machine of three tons 
capaci The arrangement for loading the test piece is of the sim ces 
kind, ig. 1, and consists of a pair of Plates, A secured to each end 


x 


TIIt 
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‘of small pins, B. to tribute ‘the th pall 


through.centrally placed. pins, C. the holes. cut 
indicated approximately in ure, 
In an) arrangement. near: who 
‘should be in pure tension, this was found to be by teal 
ments, except ‘for a’ short distance ‘fromthe ends. 
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194 NOTES. 


It..was considered . sufficient, to’ examine, of elliptical holes, 
and these were selected. somewhat ‘arbitrari an, ‘ellipse, with a 
major axis 1.125,inches long perpendicular to the line of; pull, and 
a minor axis 0.375, inch..This hole-was subsequently altered to, one: wi 
«major axis 1,2 inches, and’ the minor, axis..was increased.to.0.8 inch; Ina 
third example. this: latter ;form of hole -was: intended to. have major 
axis at,45 degrees to the, line, of: ipull, but: through error in: out 
this line; was found to have an. inclination of 49. degrees to: the line-of, pull, 
and was, therefore somewhat inconvenient for purposes..5;For 
of, ‘reference! all these cases, any Hig.) 2, 


boundary of these holes is detercnild by means of the eccentric angle B 
for a circle described on the major axis as diameter. It will be convenient 
to describe the earlier experiments on an elliptical hole athwart the line 
of pull by reference to the less eccentric one first, although, as mentioned 
above, the. experiments were made in the reverse order to economize 
skilled workmanship and material. The general features of the stress 
distribution are apparent at once in the polariscope, the effect of a pull 
being to cause an intense stress at the ends of the major‘axis, and if the 
elliptical hole reduces to a fine slit, the region around the ends of this lat- 
ter becomes very much overstressed: at-even a small load, and shows this 
on removal’ of the load by characteristic residual stress effects. It is also 
to be noticed that the directions of greatest stress intensity away from 
the hole approach the boundaries“at.a considerable angle to the axial line, 
and this leads to the belief that in a plate.of narrow width the stress at 
the outer straight boundaries will be found to reach a maximum at two 
places equally distant from the line. of minimum cross-section. An ex- 
amination of a plate with an elliptical hole in it of considerable size shows 
this to be the case and confirms some recent measurements of the effects 
508 ‘moderate-sized circular holes in tension members.* Apparently the 

at the. thinimum section of this’ latter member ‘has! in general; maxi- 
seat values at the’ inner b boundary and minimum values. ‘at the prenapi nae. 


Comer) Chakko’and Satake?! Mind Strain’ Meature 
of. Circular’ Holes on: the ‘Distribution of Stress in (T 
” of the Institution of Engineers, and Shipbuilders | in, 
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In, the elliptical hole the same effect, is noticed, and. is probably connected 
-with the, fact that.in such acase the; lines of stress, having a 
general :direction parallel to the, line,.of,pull, well away, from. the, hole, 
curve first one way and then the other as they get farther from the hole, 
so that there-must-be-a change in-stress-at the-boundary-if; this latter is 
only a finite distance —_ a effect is, noticeable even 7 the present 
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| Lines OF EquaL LINES OF 
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shown in Fig. 3, exhibit this clearly, _The-lines of equal inclination, from 
which these curves~are derived, are also marked-on-the leftshand side of 
the diagram. An examination of the stress at the elliptical boundary 
shows that its variation is very. great. Commencing | at extreme end 
of the major-axis; “where the, tensile-stress, is most intense, . 4, it grad- 
ually diminishes to zero,.at a point, having anjeccentric angle of 54 degrees, 
and becomes a fommgreasion stregs which reaches a maximum at the end of 
the minor axis. Bi tet 
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‘A’ comparison’ of ‘these observed stresses with the calculated values ob- 
from’the appropriate equations of’ ‘Professor ‘Inglis’ paper shows’a 
“as the figure’ Shows, ‘and affore ‘Proof, if ‘any 


+ 
i}: Oe 


were needed, tions can be applied +o any” material which 
the assumptions on wh ‘theory of elasticity is 


The distribution | ‘across the: ‘minimum section. necessitates complete 
analysis, which is provided ‘by ‘the curves, of Fig: -3; together with the 
values of P expressed in ‘terms’ of the ap ropriate mean stress R 
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been: separated. from, these. vations are, shown 
will also. be noted. that. in. to, intensity 
the tension at) the inner point of the boundary there isa perceptible ten- 
sional. cross. stress near the edge, and,as, the ellipse bends more.and, more 
towards a fine horizontal cr. the maximum. value of Q increases 
also approaches the boundary, although it can never actually reach it in - 
any practical example. 

It is interesting to trace’the variation of: stress: along: the central axis by 
observations of the values of (P + Q) obtained’ in a like manner, and 
these latter are fonds in, he 22 » from which it will be observed that- the 


‘axial stress i the lof hole and rises gradually to a 
constant value, at a of about two\inches away, while the cross 


stress is a conipression approximately equal in value to the corresponding 

— tension, wi —— rapidly changes to a small tension and ultimately 
isappears. 

The the 1 more elliptical bears and, 
act, the values obtained confirm those descri e,..s0 that it 

hardly worth’ referring’ to Be in “detai that all the 

experiments for this typeof _ hole, ca in sh that the maximum 


o} 


stress is always a ) the stress correspond- 


ing: to ‘that of: the:infinitely wide: and sb are ithe appropriate 
case: of theelliptical: hole: inclined: of pull: preserits: some 
interesting features not shown: by: the In the ‘first place 
the maximum stfess is tiot at the ends of :either:tajor axis, bit is| found 
at or near ‘the poitit where the tangent parallel to: the>line pull 
touches the ellipse. The lines ofvstress,-as may! be: only possess 
a shown; by: the ‘experimental deter etermination, Fig, 
7, in which one ‘also observes the outer 
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wards at some ‘distanee above and below the hole, ‘and ‘not in ‘quite the 
same way above and below the trafisverse central plane. They appear, in 
fact, to indicate maximum stresses at the outer straight sidés at ‘unequal 
prep the ‘central cross-section, and polariscope observation con- 
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siarmaxs 
OF EQUAL MINES OF PRINCIPAL 
WNCUINATION,, [> (|. STRESS, 


_ Dhe> stress: distribution round the) hole been determined ‘and com- 
~- with the theoretical expression of Inglis; and:a very fait agreement 
‘found, as’ Fig:)9 shows, in which the:two are compared by plotting the 
stresses ‘observed and: calculated ori! a base derived from ‘the: eccentric 
angle The stress is: found to vary between 3.43 R and —0.96.R, and is 
in’ good agteement with the theoretical expressions, It is also of. interest 
to*note that when the stress distribution: is examined. across the plane. 
perpendicular ‘tothe line of pulland‘ passing through: the center. of ithe 
ellipse, ‘it'is found to account for the total! pull within one per ¢ent. «i 
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dn the case of two of the ellipses, studied, the:stresses are determined at 
points: along radial lines degrees -apast, including. the longitudinal 
and transverse sections. The values of P and Q are plotted: and ‘contour 
curves, drawn, as shown in Figs, 9 10,;.The full line contours corre- 
spond, to. P magnitudes, and the dotted cunves, shown. on-the left, to. those 
of Q. For the transverse hole five sections are studied, to include one 
quadrant, and for the inclined ellipse eight sections, covering half of the 
area, are determined; in ordér to givéthé complete stress distribution. 
For the transverse hole there is quadrantal symmetry, and for the in- 
clined one the symmetry is seen to be bi-lateral, corresponding in each case 
to the symmetries of the principal stress direction ‘lines shown in Figs, 
3 and 7. A noticeable feature shown bythe P and Q contour curves is 
the great rapidity with which extreme values of stress fall off on leaving 
the edge of the hole. | At a distance equal to twice the length of the major 
axis in any direction) from the edge of the hole the values of P and Q 
have become substantially equal to those. which exist at points remote from 


the hole. It is also to be noticed that:where the stréss at the edge of the 
hole is tension, the Q component vanishes, and where it is compression 
the P component vanishes, the transition points being the four points of 
zero stress. These points are indicated.on Figs. 9 and 10. 


CRACKS, 

The experiments described above have) also an especial interest, since 

the effect of a fine crack can be estimated from these results. If we con- 

‘sider it as the limiting case of an ellipse, in which the minor axis ulti- 

mately vanishes, an infinite stress is produced at the extreme ends for 

pull. 

Practical men have long been aware of the extreme concentration of 
stress produced by such cracks, and have provided a well-known remedy 
for stopping their extension, which is universally used, whether it be for 
, crack in a steel forging or in a delicate piece of china. It occurred to 

e authors, however, that the method of drilling ‘circular holes at * 
ends of a crack might possibly be improved ‘upon. If circular holes o! 
small size are drilled at the ends, the efféct is to reduce the stress con- 
centration from some unknown but very large arhotint to approximately 
three‘times the equivalent uniform stress in the uniform plate. From the 
preceding results it seems probable that there might be a further reduc- 
tion of stress, if elliptical holes or approximations thereto are drilled at 
the ends of a crack, with their axes so reir that the position of max- 
imum stress occurs at the end of the minor axis. In order to-test this 
view, a tension member was prepared 1.56 inches wide, in which four fine 
slits were produced transversely to the line of pull and symmetrically dis- 
posed with reference to the Le ak vee The forms of these slits ate shown 
in Fig. 11, but they were actyally spaced very much further apart in order 
to obtain uniform stress conditions inthe intervals between:them, and 
the contours of the holes’ were m arger than necessary ,for-practical 
requirements in order | it 4 study of the stress 

The ends of the fi r left exactly of the form produced by a 
drill of 1/32 inch diameter, vhich ‘Happened tobe’ available; the. ends of 
the second B were finishe@ with holes of 4 inch diameter; the third C 
with vertical“slots-of 14° inch length, drilling. 3%-inch holes 

tangential to the centerline of ‘the slit and afterwards removing the angles 
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left by: the'drill: The*fourth Dowas prodiiced ‘ina similar fashion, ahd 


the outer part curved: tadius : of 022 give an appronimanely 
elliptical contour.» a Q bes 4 

‘The total width of ‘the | inch cases, except for: D, and 
allowance’ the ‘increase im the size’ of the 
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ter is, therefore, made for. com ison ‘purposes, imen pfe- 
was then subjected to a of 100 pounds. he to a 
mean average stress of 790 pounds per square inch) in a small testing ma- 
ine and. the stresses. round the.contours determined for a sufficient num- 
fae of points to make a comparison effective, The values so obtained are 
12, in, all are by of as abscisse 
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and stress as ordinates, so far as‘ this is possible, and’ the ‘remaining: parts 
of the contours of ‘C and D by linear measurements aléng: the contour. 
The distances in the two latter cases are-not' quite the same, but the dif 
ference is not material. The comparison .at once shows that ‘for the sim- 
ple case taken it is possible to materially reduce the high stress caused by 
a semicircular ending to a crack by drilling out a nearly complete circle, 
and proves the value of the practical means usually adopted} especially for 
a hair-line crack, where presumably the stress effect is very great. The 
substitution of form C effects a still further improvement b: lowering the 
stress intensity from 2,250 to approximately 1,670 pounds square inch, 
with a minimum value at an angle of $15 degrees approximately, and a 
minimum yalue.at.the central section of about 1,250 pounds per square 
inch. The D,-as be expected; gaVe.a ‘mhaximu stress at. the 
corresponded to a. stress of 


cally seems little to: choose between ‘these two last’farms, although 
the experiment is not de¢isive one way or the other. Poalig, regard to 
the measurements on elliptical holes it is. possible that is actually 
the best one pe adopt if proper shape of ical holed is chosen. 
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OPENINGS. 


It is unnecessary here to refer" ‘particularly to the case f a tebge cir- 
cular hole in’a-tension member of finite width, as these have been exam- 
ined in an/earlier paper, but there are many other types of discontinuity 
which are ‘of importance, and an interesting practical case to whic ship- 
builders have devoted considerable attention is that of hatchways-in ships’ 
decks. They are probably subjected to complicated load systems easy 
to define or to produce in the laboratory, but a simple type of -foading, 
such as that of a pull; serves at ‘any rate to bring-out some characteristic 
features. The chief places of interest ms all such cases of sudden dis- 
continuity appear, in general, to be at Or near the sudden change of sec- 
tion, and the case selected shows this quite well, although it would — 
ably’ ibe: easy to obtain :a more charactéristic: one) || 

consistssimply of a square hole of: cut thie 
plate of '5-inch: width and having:rounded corners of half an ig — 
the ‘sides’ being parallel ‘perpendicular ‘tothe pull. 

‘Phe large radii at the angles were. chosen with the object, of 
precise measurements at points of) this. part .of the contour, and are 
greater than is usual in practice. The maximum ‘stress occurs. at the in- 
terior contour -and: near the joint of the rounded corners,.,with the sides 
parallel to the line of'pull. There are! also: indications of,.a subsidiary 
maximum: along ‘the external contours ata considerable distance, from the 
hole. These observations are amply confirmed by the measurements 
shown on Fig. 13, in which the stress distributions around both contours 
are shown for a total load. of 390 pounds, giving a mean stress of 840 
pounds per square inch at the reduced cent ral section. In addition, the 
stress, distribution across, 'this latter section, is, shown by. aid, of ,observa- 
tions of (P+) Q) shown. ji in, dotted. li from which it may be obse 
that the cross-stress Q is negligibly. small, while the maximum. value. of, 
at the: interior contour. along, this section is 1,290 pounds per inch, 

-ulinteg' tegrating the curve there shown. and comparing it with the pull ap- 
plied, itis found, that the mean. error, of observation is approximately, 
per cent;: a. as. giving an. of the general 

racy, ined. ; actual maximum is Q 
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a) value of 1,730 pounds pet square inch, or. 2.06 times the value of the 
mean stress; at the central cross-section. It is also easy to show that as 
this. curve, lessens: in, radius, the, stress eri 
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As we pass still farther the the: Seapidly. 
and finally changes sign and becomes ‘a compression of fairly: uniform 
value a the plane contours. outer’ contours also show the char- 
acteristic feature, alréady mentioned above, for another case of a min- 
imum ‘value at the ‘central section with maxima on! either side, but in this 
case these latter values are not) very: owing. to the: distance af 
the hole’ from ‘the’ outer ‘boundaries, | 

‘It is probable that'a study of other cases. of openings. more 
immiediate practical importance than the described here would! affo 


The Have ‘acted’ ‘wisely"in ‘referting’ the naval sit+ 
uation to the Committée Of Defense;'as the problems which have arisen'asa 
consequence Of war experience’ are’ of the thagnitude,' and can ‘orily be 
solved by’ the closest’ investigation’ alike’ from:the’ strategical and" tactical 
standpoints and from/the’ constructional point of ‘view'on the fullest: svien- 
tific basis. It 'was gatural ‘that controversy should ‘atise not’ as re- 

irds the will'of the Goverhment ''to maintain ‘our’ naval supremacy, but 

‘ds’ the iost’ suitable typeof “ship ‘caledlated to secure: this: end. 
che Unite States is sixteen Capital ships and Japan eightof 
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designs which must more or less embody ‘the 
war, while: we. ‘not single new ‘on 


po 
wis do see: eye to’ eye with them: rather than to eluci- 
date with conscientious earnestness of purpose the*problems ‘ander review. 
It can ‘scarcely ‘be’ said’ that ‘the ‘discussion which has’ ‘been! going on’ re- 
—_ with regard to the present naval situation is free>froms this serious 

blemish, so that the removal’'of ‘consideration to. the calmer . and more 
judicial: atmosphere of the Committee of Defence is ‘acceptable. This is 
especially the case as: all ‘able to contribute towards a: solution ‘will ‘under 
these circumstances have the ‘privilege of expounding their’ views 'before 
‘the committee, with full ‘confidence that due weight will be given to them. 
“Phere has ‘been’ some ‘measure confusion of! thought'‘as)to whether 
the Committee of Defence is the*most appropriate tribunal! before which 
the issue should be brought: It has*been contended; ‘for instante, that a 
committee composed of ‘naval officers, shipbuilders, engineers and scien- 
tists: corresponding ‘to’ that: ted’ by Lord’ Fisher! to evolve! the ‘ele- 
merits ‘of’ the Dreadnought" design, would have been ‘appropriate. 
But in that instance there no’ uncertainty as)to the type: of! fighti 
ships aimed:at.Lord Fisher's: was'to ‘produce big guns 
with the other requisites to ee ‘based onthe most satisfactory com- 
‘promise, ‘and obviously this' involved constructional questions: of great’ im- 
portance. Today the primary problem’ is ote which! in ‘the first imstance, 
at all events, is concerned with the type of Once/more ‘the question 
} Wis at 
ago’ the? ‘French, had done initial stages: sub- 
marine ‘boat ‘design; were faced -with this problem, arid for atime at least 
‘they were certainly disposed to’ place greater reliance ‘on. the submarine 
‘than ‘on’ the battleship: “It is‘no disparagement’ to’ our’ 'presesitrelation- 
ship with our allies’ today to recall that their submarine “programme ‘was 
then, in the early’ years of the century, regarded as a ‘menace'to the Brit- 
sh merchant service. Indeed;’ Commander Sir: Trevor’ Dawson then fore- 
‘shadowed what ‘became reality in 1917 by picturing the tremendous haz- 
ard ‘of a fleet of submarines along the highways ‘of /commerce“into and 
out of British ports. (Parenthetically it may ‘be asked if-we ought ‘not°to 
‘have been better prepared with weapons against submarines.) °The French 
ultimately returned to ‘adherence to surface’ ships; ships, 
while maintaining the’ building of submarine'craft, © 

Tt is true also that prior ‘to.the war there were’ strong amongst 
British naval officers for 'the’ supercession of‘ battleships and 
battle cruisers by stibmatines; and many predictions: were’ made as to the 
impotence of these capital ships in'the event of war with a great European 
‘naval power, None of these'predictions was fulfilled. We -were:told that 
we would require to‘ bottle up our! great battle*squadrons: iti harbor, It is 
‘even said’ now that such fleets while in’ Scapa Flow ‘ought to have ‘been 
sunk by the German No’ attempt was’ made to: do: ‘this, ‘al- 
‘though the’ advocates of the submarine admit Hype the conditions: ‘were 
admirably suitable for'such a great’ achievemen 

Why was this prediction ‘not fulfilled? ‘The ‘of Delete! will 
be expected to consider this. Far from the fighting fleets of Britain: ‘being 
‘confined’ to ‘their harbors, Lord Jellicoe; in’ his flagship, ‘fed’ his»fleet in the 
first sixteen months of the alone;on cruises seeking: 
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capital or otherwise, 
Controversy, however, whether on the plattorm, i the press’or/in Par- 
liament, seldom produces ‘satisfactory results, except: by acting as a stim- 
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fleet over,.a distance -of 44,680), miles, and.Lord. Beatty in:/subsequent 
critises covered equal distances, and yet,not.aisingle battleship, was sunk: by 
submarines. It is true that several of the older, ships:were, so -disposed 
of early, in the, war by the Germans,, but this, was. largely, due their 
lack, of speed, so that the. question of design and,-construction.of :surface 
ships to’ combat torpedo attack.from submarines becomes one of :the prob- 
lems to be:tackled- by the ‘Committee of, in their iguestigation, 
_and,to this shall.refer presently... dtiw sish 
Again, at.the, Battle! of Jutland;-no, German submarine was, engaged, and 
from German-accounts we learn that over, 100, torpedoes, were fired by sur- 
ships, -but! the -only, battleship hit was) the Marlborough, and by season 
primarily of the admirable: system -of; “bulge” »protection!she was! able ;to 
return (safely; to the base... It be. said: that the Battle: of Jut- 
was fought 'to a finish owing to conditions of invisibility intervening, 
or,more might have been learned as, to.the power impotence of. the bat- 
tleship, At. time: the fact, remains that result of the, battle 
ithe German! fleet never again, left its base. ip. se ont 
A‘contention of the advocates: of abolishing, the battleship is: that a main 
function of the navy. is the protection iof, our overseas. commerce ;and.no 
_one will .controvert: this view. This) involves. the/destruction ofthe enemy 
fleet, however it ‘may. be,composed, The Emden had more British ;mer- 
chant ‘ships.to her credit tham anyone: submarine); the, same can be said 
the; specially-adapted , merchant, ships jof, the German fleet. 
ithout surface ships these marauding cruisers could, not have been com- 
batted, It. is difficult, 'too, to reconcile the supercession, of surface ships 
with, the triumph ‘the Falkland, Islands, which had immense influence 
the: of, shoe and/or the, shipping. on distant 


Seas.) 

There i is, to be in “favor ‘of submatine because 
of its:success in torpedoing merchant, ships in the narrow. seas. Certainly 
‘the! results during ‘the period: when there unrestricted! submarine 
tack between April.and:June had a-most ‘disturbing effect upon 
the; morale, of the: British. people..,-In these three,;months; 377, merchant 
ships of a gross tonnage of about 1,228,000 tons were. sunk-with loss 
life’ of nearly,2,000.. This gave, some credence: to. the view.that the Ger- 
man submarine policy. might ultimately, succeed, But this promise, was 
short-lived..On the one hand it may be that Germany, could: not maintain 
ithe submarine fleet at adequate strength... We-.now,know ; that Germ 
‘began the war, with 28 submarines, the two largest being, of (675. tons, wi 
six, torpedoes, that she completed three before; the end of. 1914;. that.. in 
1915. sixty-two. were idelivered, in, 1916 ninety-five, the, ane having, i in- 
creased to 860 tons; im 1917.one; hundred and. thirty, the; largest .being 
and ; 1918, up to the armistice, eighty-one, the largest, being 
'2;158 tonsi; Thus they brought. into action, from. firstto last; 399 subma- 
vines, There:were sunk by British warships, and. auxiliaries..207, 

es,,and, it)is interesting to note: that the, mumber.of losses. in 
‘succeeding: year/was progressive: Thus first, five months. of 

in.1914 the losses were ‘five, in. 1915 twenty, .in,.1916 thirty, in, 1917 
‘seventy-two, and.in 1918, up-to the time,of the armistice, eighty. ..The, in- 
-erease in the destruction of German submarines beginning. in 1917 was due 
to the splendid work:done by. scientists.in devising means to. combat, the 
unrestricted attack by the: Germans,on our merchant, fleet. 

not inecessary to enter, at large. upon: the. thus. done, 
the: protection of:-merchant. ships, in the, construction. of special. types .of 
attacking‘icraft, in the discovery of hydrophones for. the, location of sub- 
vmarines, and inthe design of depth and other weapons. for. de- 


i = 
| 
j 
i t 
| 
iH 
i f 
if 
q 
; 


NOTES. 207 


-stfoyingi them. The influence such means. and) the possibility of:im- 
‘proving and augmenting, them are ‘subject-matters, for the consideration 
the Committee of | Defence. | The ieffect.of: these instruments: of de- 
-struction vis found: in ithe: fact that: losses,of British: merchant; ships 
due ito! submarine: attack: greatly: diminished, the numbers: per month inthe 
summer of 1918 being, reduced to: about:40; ships, as:compared with,125 
'-per month, ini'the period:af most /intensesubmatine attack.:; In. part;:this 
was due no doubt to the effect on the morale of the crews of Getman 
isubmarines,. an effect which largely to) the revolution ,amongst/ the 
‘personnel of the: 'German Navy) may mot be 4, factor, whichishould 
influence the decision of the: ittee of Defence, but, setidus consider- 
-atiommust be given to the potentialities of: counter-attack on, submarines. 
Qn) the other:hand, equal cate must; be given to. 
“regarded as/inherent difficulties! inthe design of submarine: boats.|; The 
-Germans:at the! time ofthe) atmistice had: ordered .400/new' submarines--in 
proof that’ they had still. confidence; in- this, style, of craft—but,an 
-exainination: of ‘the: boats) surrendered ‘by! the. enemy. to! Britain: showed 
that:Jittle progress had «been madé towards advance. in design!and par- 
-ticularly:in propelling! machinery It isto: thé credit of the British service 
and ‘engineers that we ‘had the fastest:submiatines,om the, surface as, well 
submerged: It is not!possible combine these, advantages, in one craft 
and, moreover, ithe: fast ;surface |:vessels of the .class| had,,an' excep- 
‘tional combination of’ machinery>-geared turbines, electric: generators and 
‘motors,’ and) oil engines—and) consequently. great | weight ,resalted. Even 
‘in the vessels ‘with internal-combustion engines and: electric, machinery. the 
weight! was unavoidably high, and: consideration will require given 
to the problém’ as to whether possible o:-achieve better results.,in 
ineering ratory of, the ira 1as been extended, and any expen- 
Giture in this will te most. incurred. The four-cycle 
single-acting engine is the most; largely; favored, but the desire of the 
engineer is fora, satisfactory workable type of two-cycle double-acting 
engine, and it will be: well if the attention Of the’ engineering laboratory 
of the Navy is directed towards the’ production ‘of ' such’ a’ prime’ mover 
Not. only for submarines but for ocher typés of craft. The 
‘be assured of the encotiragement and assistance of ptivate ‘firms ' who 
have done much in this country for the development of ‘the’ internal-com- 
-bustion ine. Andther inherent difficulty of the submarine’ is that ‘in- 
creased size involves greater time in diving, ‘which is the’ preferable: sys- 
tem of submergence when the vessel’ is ‘under and action the 
chances are that this will be the prevailing procedure: As‘ the submarine 
grows larger, too, the effect of shallow water becomes ‘mire’ ‘and more 
Serious, so that before reliance canbe placed the submarine ‘as the sole 
or principal unit of a navy for’ attacking’ or ‘defending ‘commerce  tiatly 
With. the capital ship, on’ the’ other’ hand; impfovements'can be ‘effected 
in practically every element in design.’ It'is no stretch of ‘imagination to 
assume that since the war those responsible for design’ at’ the Admiralty 
have been giving full and ‘continuous consideration ‘to all these problems. 
During the war, amazing developments’ were’ made: arid’ the’ skill) and’ ex- 
perience of the naval architects, engineers, ordnance and torpedo officers 
were proved by the successes recorded, 
We have referred to the improved ‘protection’ against’ torpedo ‘attack, 
‘and it need be mentioned ‘also that’ e ‘dtopping of bombs ‘by air- 
craft was combatted by ‘hotizontal protection. Thus’ even 'the 


new arm of the service may ated‘as’ far as its 


i 
; 


concerned, but it will be a powerful factor against the submarine: ‘The 
whole question of the possibilities of aircraft will have to be considered 
the’ strategic and tactical points of view, atid it would ‘seem as 
‘serious error had ‘been made’ from the:administrative point of ‘view’ in ‘al- 
owing the new! arm of the ‘service to pass absolutely from: the Admiralty 
‘control. ‘It is ‘of >the utmost importance that research’ work should: :con- 
in with: ‘the ‘constructional of: all:types of 
vera orlt i tduob ot ob 
been ‘appointed to consider the question rather than’ that:it:should 
have been’ left to: the» Committee -of' Defence; but there is) the old: saying 
about ‘doctors differing. Apart from this the Committee of ‘Defence? is 
“not by any meaiis; as‘is sovoften assumed,a body: composed:of 
On the ‘contrary; there is imeluded ‘the! First: Lord of: thé:Admiralty; the 
‘First Sea Lordand the Naval Intelligence;:while the: Commit- 
‘tee ‘have ‘the power’ member.’ Moreover, they! will 
“fave at ‘their disposal the> fullest (possible information !from:the ‘Admir- 
-alty, arid ‘no: ‘one’ knows better:the’ facts: of: war experience: «It:i¢an::be 
cassumed that the already: ‘analyzed: with:this full! iaiow!- 
‘@dge ‘all that® can: throw: light ‘wpon: the selection ‘the most: desirable 
twarships ‘for°the future: »Pveryéne with views) backed by experience: will 
before’ the Committee; and swhen a ‘decision is arrived atvas 
type’ or: craft desirable, for: fulfilling the: vitalowork»of 
‘will ‘befor 'the:.scientist, the naval:arthitéct; the engi- 
“neer' and other ‘experts':to-embody in stich ships: the ‘best that, technical 
“knowledge can devise.’ The one thing essential is\that there shall ‘beono 


& far as country ere naval, shipbi Bie the 

r, no: vessel of any, description laid down ‘the Ro avy. 

ork. was confined: to the and of vessels left from 
“the..war programme, and, with: the exception of the light cruis 
there, are no further, Be itish ‘men-of-war on. the stocks, 
British naval construction been of longer duration than 
oby the, world at Our two; most. modern. battleships, the Royal Sov- 
and down as far back as January, 1914. "Tie 

ttle-cruisers,.Renown, and Repulse were exactly ter, and 

keel of Hood laid aid in Santer r, 1916, A nd. less 
than fifty-one months elapsed since the last. ship 
was laid down for the fas th avy. Owing to this prolonged bpsiit 
tates, a our relative position vis-d-vis those ‘two 
‘Powers has sensibl ‘declined Recognition of this fact led. the Admiralty, 
in the closing months of Jast year, to, draft.a new programme of const 
tion, including, it is, said, four capital ships of an improved type. In't 
-meantime, however, doubts, were, raised in. certain quarters as to the ‘wis- 
-dom of spending money on the perpetuation of a type whose valtie in 
future naval, warfare, :been. seriously questioned, respond “in 
-the Press, divergence of opinion. on ‘this ‘subject, “The 
-Admiralty’s own. view, pad been. in a Memorandum 
‘March, 1920,. from, which the fo lowing. passages may Aptly be 
quo 
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“ There: has been some criticism of the maintenance in’ Lebibiaitadtoct' of 
the present types of’ vessels, especially in regard to the capital ship.’ A 
contrary policy has been openly advocated, this policy being based, it is 
presumed, on the idea that the battleship is dead and that submersible 
and air vessels are the types ‘of the future.” The Naval’Staff has exam- 
ined this question with extreme care, and as a result we profoundly dis- 
sent from: these views. In our opinion the capital ‘ship remains’ the unit 
on which sea power is built up. So far from the late war haviig shown 
that the capital ship is doomed, it:has, on the contrary, proved the neces- 
sity for that type. * * * On-the British side the enemy submarines in 
no’ way interfered with the movements of capital ships in carrying’ out 
operations; destroyer screens, new methods of attack, and altered tactical 
movements defeated the submarine: Nor at the present could the Board 
of Admiralty subscribe to the statement that aircraft have doomed the 
capital ship. Aircraft are certainly of the highest importance in naval 
tactics, as regards reconnaissance, torpedo attacks, and artillery observa- 
tion; but their réle in present circumstances is that of an auxiliary and 
not of a substitute for the capital ship. The past history of this question 
must be taken into account; many times has the doom of the battleship 
been pronounced; ‘The introduction of torpedo craft was believed in’ cer- 
tain quarters over twenty years ago to have settled its fate. The Board 
of Admiralty at the time refused to be ‘carried away by the attractiveness 
of the idea of building small, cheap torpedo craft instead of battleships 
and they proved to be right: History has shown that the introduction of 
a type to destroy the capital ship has been quickly followed by the evolu- 
tion of counter-measures which sustain its power. We therefore believe 
that the battleship must remain the principal unit, and- that fleet tactics 
and tactical training must be carried out with the battle squadron as the 
main unit. Nevertheless, it must be emphasized that although the battle- 
ship remains, its type may require to be altered. Advances in electricity, 
in the internal: combustion engine, and in science generally will inevitably 
necessitate an eventual change of type, and it is one of the principal func- 
tions of.the Naval Staff to keep continuous watch on scientific develop- 
ment, with the: object’ of ensuring that the type of capital ship designed. 
meets the requirements of the future. It is even ‘possible that the present 
battleship ‘will change to one of a semi-submersible type, or even of a 
flying type, but such types are visions of the far future, not practical prop- 
ositions of the moment. By gradual evolution and development the types 
forecast may arrive, but the immediate abandonment ‘of the capital ship 
in’ favor of a visionary scheme of aircraft and submarines would leave 
the British nation destitute of sea power and without the means of pro- 
gressive training.” 

The case against the capital ship has been stated with equal cotvietion 
by: a number of naval officers, including Admiral Sir Percy Scott; Rear- 
Admiral Sydney S. Hall—who commanded ‘the British submarine’ service 
for the greater part of the war—and’ Admiral W. H:' Henderson. The 
last-named’ officer ‘declares, in a letter'to “ The Times,” that’ the principlés 
which up to now have governed the capital ship no ‘longer apply. They 
reached their maximum in the middle of’ the last century, when the big 
ship enjoyed’ a freedom of movement limited only by the weather, and 
of action limited only by ‘her three months’ supply of fresh water 

when the whole of her displacement, excepting only the weight’ of hull, 
stores, etc., and ‘the’ comparatively small proportion: required for sail pro- 
pulsion, was devoted to‘offensive power. Since ‘then, owing to thie ititro- 
duction ‘of steam and armor and the gradual deveflopmetit of her antagon- 
ists, the torpedo,’ the ‘submarine, the mine, thé bomb, and the’ aerial tor- 
pedo—the powers of which will greatly increase in the future—the big 
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ship, Admiral Henderson contends, has lost her mobility, her freedom of 
movement, her radius of action, and her comparatively great offensive 
power. She is no longer supreme on the water, for when at sea her main . 
object is to protect herself, and she dare not move without an escort of 
defensive auxiliaries, Protective devices are pre-empting an ever-grow- 
ing proportion; of her. displacement, and though. her speed—which is as 
much a; defensive as an offensive factor—has been increased, her cost has 
become. prohibitive.. On the, other hand, an equally strong case for the 
retention of. the capital ship has been made out by. various: naval officers 
of distinction, including Admiral Sir Reginald Bacon. 

view of this conflict of, professional. opinion, the Government 
decided to-institute a close investigation into. the: whole question of naval 
strength as affected by the latest developments of naval pahciage ng a 
submitting any new programme of construction to Parliament. . This in- 
quiry, which is welcomed by the Admirality, has been entrusted to the 
Committee. of Imperial..Defence, and the: Prime, Minister has given an 
assurance that every. effort will be made to obtain the most competent 
evidence. In naval circles it is regarded as a foregone. conclusion that a 
policyof compromise will eventually be. adopted, provision. being: made, 
on the one hand, for the building of a limited number of capital ships, and, 
on the other, for research and. experiment in. connection: with: the develop- 
ment of submarines, aircraft, and other special types. The: “improved 
type” of capital ship recommended by the Admiralty is understood to have 
been based on the Queen Elizabeth design, but. with important modifica- 
tions in. regard to protection and armament. It goes without saying that 
the cost of building a ship to equal, let. alone surpass, in fighting power the 
latest: American, battleships—43,200 tons; displacement with twelve: 16-inch 
guns—would be enormous, Unofficially, it is estimated’ at 

000,000. 

The battle-cruiser Hood, built by John Brown and Co., Limited, ‘ond 
launched on. August 22, 1918, was commissioned on January 7, 1920, by 
Captain Wilfred Tompkinson, as flagship of Rear-Admiral Sir. Roger: J. 
B, Keyes, commanding the Battle-Cruiser Squadron, and after . 
out trials in the North Sea and Atlantic was completed. to full complement 
on March 29,./1920. Full descriptions of this noble vessel: have already 
appeared in, our. columns; but.a few additional, points of interest, brought 
out.during the discussion at the Institution of Naval Architects;in March 
last year, may be referred to. ‘Commander E. S. Land, U.S. sug- 
gested that the Hood. could do with more deck armor and less side armor, 
especially the 7-inch and 5-inch piates. He would have liked also to’ see 
thicker, armor on‘ the turret roofs, Generally speaking, however, he ‘con- 
sidered the ship to be an extremely well-protected unit. The design and 
arrangement of the conning-tower was one of the features most admited 
by American naval officers.. He added that; while the American system 

under-water protection was quite different, American constructors had 
undoubtedly obtained some excellent:.ideas from the design. of the Hood 
and would no doubt use them. Sir Philip Watts drew attention to the 
great saying of weight that resulted from the adoption of, geared turbines 
and small-tube boilers. Had these been available when the Tiger and 

- Queen Elizabeth were designed, it would have been. possible to give those 

vessels speeds of 32 and 28% knots, respectively., By putting geared, .tur- 

bines and small-tube oil-fired boilers into a Tiger, lengthening, her; some- 
what, and increasing her displacement by about) 4,500. tons, she. could: be 
given the same protection. against gunfire, the: same .armament, and: the 
same. speed as the Hood. Her. displacement:-would then be about 
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however, lack the bulge pr: torpedo 
Sir A, ‘Chatfield, Chief of Na pointed 
although the Hood was to some extent a war production, she was not.the ~ 
result of all their. war experience. ‘The ship was o y designed be- 
fore the Battle of J and was subsequently modified on the experi- 
ence derived from that action. “At the present moment,” concluded Ad- | 
miral Chatfield, “we are full of experience; we are full of war lessons; 
we are full,of new. scientific ideas which have cropped up during the four 
years of war, to which we have not yet had time to give expression.. We 
are full of jmmawlerer and we want to use that knowledge in our new 
ships. We know that we can do that only by carefully studying all those 
lessons and aoplving ing them to our new designs. There is not the: least 
doubt. that. if Director of Naval Construction was going to design a 
new ship now he. would not design the Hood, because, as I said, he de- 
signed that ship four years ago.” Sir E. Tennyson d’Eyncourt, in reply- 
ing to comments on his paper, mentioned that the total weight of 
main propelling engines and boilers of the pined, with 150,000 a 
power, was, almost exactly the same as: that ofthe ‘Renown and Repulse, 
= the lasgertate: boilers, of which the designed power was 112,000; the 
e actually attained being about 120,000.. For the same weight, there- 
rare about 30 per cent more..power was poet. In fact, had the small- 
tube boiler been fitted in the Renown and Repulse, it would very nearly 
have been possible, so far as weight went, to have added another ieret : 
with a pair of 15-inch guns to each of those. ships. 

The trials of the Hood-—see a supplement this week—were entirely suc- 
cessful. On the measured mile off Arran she obtained a mean speed of | 
32.07 knots. with 150,000 shaft horsepower; on a subsequent day, with 
about the same power and with a full load of fuel; the mean speed real- 
ized was 31.9 knots with all weights on board and at the ry load 
draught. These were very satisfactory results, for the speed of the ship 
with increased protection proved equal to the original designed speed of 
the more lightly protected vessel. Engines and boilers worked faultlessly 
throughout the trials, and economic oil consumption was obtained... 

The. most important naval launch of the year was that of H. M. S. 
Frobisher, which took place on March 20 at Sevsuadek where the vessel 
had been on the stocks for nearly. three years. This vessel belongs to the 
“Improved Birmingham” class, consisting of four units. The Hawkins, 
which was the first to be completed, has been flagship in China since Au- 
gust, 1919... The Raleigh—see supplement—built by Beardmores, was 
launched on August 29, 1919, and handed over to the Admiralty on Sep- 
tember 11. last, having completed some very successful trials. She is now 
about to. leave. for. Bermuda as flagship on the North America station. 
The Effingham, the fourth unit of this class, was. laid down at Ports- 
mouth on April 2, 1917, as. part of the war programme, without definite 
date for completion, but to: be accelerated as required, Pas James. Craig 
announced in Parliament last July: that the vessel was then about 35. per 
cent complete.so far as the dockyard work was: concerned. The machin- 
ery, however, which has been built by contract, was then some 97 per cent 
complete,.and the bg mountings were ready. It was: expected that the 
slip occupied by the Effingham would be vacant about May, 1921. We 
may add that a personal visit to Portsmouth last August showed this ves- 
sel to be well advanced, and if. the rate of construction has been main- 
tained she should be ready for launching early this year. Although. these 
four ships have been adversely criticized on account of their large dimen- 
sions and high cost, there can be no doubt as to their war value and gen- 
eral usefulness. They are at present the largest, -—— most wr 
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cted, and heavily armed cruisers afloat, and it is a remarkable tribute 
to their "design that both the Ametican and French naval authorities 
should be considering its adoption with certain modifications. We pub- 
lished a full description of the class in our issue of October 15 last. 
The Emerald, a light cruiser of smaller dimensions, was launched at the 
Walker yard of Sir W. G. Armstrong, Whitworth and Co., on May 19, a 
sister ship, Enterprise, having been put afloat by John Brown and Co. in 
the previous December, A third ‘vessel of this class, Euphrates, building 
by the Fairfield Company, was cancelled after the Armistice. The Enter- 
prise and Emerald were designed in the winter of 1917-18 and laid down 
respectively in June and September, 1918. Being intended for ocean serv- 
ice, they have the substantial displacement of 7,550 tons, which’ therefore 
makes them intermediate between the “ D” class, of 4,650 tons, and the 
Raleighs, of 9,750 tons. Other details are :-—Length between perpendicu- 
lars | 565 feet ; beam, 54% feet; depth forward, 30 feet 7 inches; 
amidships, 1414 feet; aft, 17 feet ; deep load draught, 18% feet. 
These two ships are designed for the unusually high speeds of 33 knots 
at light draught and 32 knots when fully loaded, and will thus be the 
fastest cruisers ever built for the Royal Navy. The propelling machinery 
of the Emerald has been manufactured by the Wallsend Slipway and Engi- 
neering Company, and that of the Enterprise by the builters, John Brown 
and Co. It consists of a double set of geared turbines operating four 
- shafts, the turbines for the wing shafts being situated in the forward 
engine-room and those for the inner shafts in the after engine-room; 
each set comprises a high-pressure and low-pressure ahead turbine, with 
an astern turbine incorporated in the exhaust casing of the low-pressure 
ahead turbine. There are eight: small-tube oil-fired boilers arranged. in 
four compartments, three of which are before the midship magazines, 
and the fourth abaft the forward engine-room. The boilers in the sec- 
ond and third compartments are so disposed that the uptakes of all four 
are led into ote large funnel. ‘As separate funnels are ‘provided for the 
~ boilers in the first and fourth compartments, the three funnels will be 
unequally spaced giving the ships an appearance not unlike that of the 
Lion class of battle-cruisers. The estimated power of the machinery is 
80,000 shaft horsepower, a figure unprecedented in ships of this type, and. 
hitherto exceeded only by the latest battle-cruisers.. The maximum capa- 
city of oil fuel will be 1,600'tons and the normal supply 650 tons. The 
Enterprise and Emerald have no bulge protection, but special attention has 
been paid to stibdivision in and in way of boiler, machinery, and magazine 


spaces. The armament consists of seven 6-inch 50-caliber guns, five on, 


the center line and two on the beam, giving a broadside of six guns; two’ 
or three 3-itich anti-aircraft guns, and twelve 21-inch torpedo tubes: on: 
four triple deck mountings. In view of the enormous power to be de- 
veloped on stich a moderate displacement, the steam trials of these two 
cruisers will be watched with keen interest. The Enterprise is completing 
at Devonport and the Emerald at Chatham Dockyard. 

The two remaining flotilla leaders of the war programme, Keppel and 
' Rooke, both built by John I. Thornycroft and Co., were launched at 
Southanipton. on April 23 and September 16, respectively. These ships 
are uniform: with the Shakespeare, Spencer, and Wallace, built during the 
war by the same firm. Dimensions :—Length between perpendiculars, 
318% feet} letigth over ail, 329 feet; beam, 3134 feet; depth, 19% feet: 
extreme draught, 14% feet; displacement, 1,740 tons. propelling ma- 
‘of Brown-Curtis geared turbines and four rnycroft 
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oil-burning boilers, to give a guaranteed epee of 36 knots at 40,000 shaft 
horsepower. The armament comprises five 4.7-inch guns, one 3-inch anti- 
aircraft gun, and six 21-inch torpedo tubes on two triple mountings. 

A few belated war programme destroyers, mainly of the Admiralty V 
class, and’séveral submarines have been completed during the year, among 
the latter being the M 3, a “ submersible monitor” armed with a 12-inch 
gun. The 1 33 and further units of the “1,” ¢lass have also been delivered 
by vatious ‘builders. Vessels of these two classes are illustrated in'a sup- 
plement today. Experience has shown the “I,” class of submarines to be 
the most efficient and generally useful for all-round service. They are of 
moderate displacement, about 1,070 tons submerged, have a length over all 
of 231 feet, and are propelled by a twin set of twelve-cylinder solid-injec- 
tion motors developing 2,400 brake horsepower, the maximum surface 
me being 1734’ knots. ‘For submerged running there is the usual plant 
of électric motors and storage batteries, giving a speed of 10.5 knots. In 
this class the problem. of ventilation ‘has been carefully studied. Air 
trunks are led through every compartment, and electric fans in connection 
with them keep the air as fresh as possible in the dynamo, engine, and 
torpedo-rooms and. living compartments. . The superstructure is) much 
larger than that of earlier submarines, and is provided with emplacements 
for the two. guns—4-inch and 3-inch—which thus have a high command, 
enabling them to be fought in weather that would make it impossible:to 
work a gun mounted on the forward deck. The earlier group of ‘L” 
boats have four bow and two beam: torpedo tubes; but in the:Jater. boats 
all six tubes are mounted in the bow. 

Among the smaller vessels completed for the Navy in the past year 
were one or two coastal motor boats, built by John I. Thornycroft, and 
Co. Inthe course of the official trials held in December a mean, speed 
of 37 knots was.achieved, During the war, it will be recalled, three types 
of C. M./B. were designed, the first- model haying a length of 40 feet and 
being armed. with one torpedo. Two larger models were subsequently 
built, 55 feet-and 70 feet long, respectively, and the armament ..was in- 
creased to two torpedoes, besides machine guns. It has been font, how- 
ever, that. the 55-foot type.gives the best and the latest 
are of that madel, 


UNITED STATES. 


the end of October—the latest date debick official are 
available— the following war vessels and auxiliaries were under construc- 
tion in the United States:—10 battleships, 4 battle-cruisers; 10 scout cruis- 
ers, 55 destroyers, 49 submarines, 2 gunboats, 2 fuel ships, 2 ammunition 
ships, 2. destroyer tenders, 1 submarine tender, 1 repair ship, and 1-hos- 
pital ship. Preparations were in train for the laying down of.a further 
battleship and 2 battle-cruisers. During the twelve months ending October 
1, 1920, there were completed :—1: battleship—Tennessee—84 destroyers, 12 
submarines, 8 Eagle boats, 1:fuel’ ‘ship, ;1 ammunition, ship, 1 gunboat,-6 
mine sweepers and 11 fleet tugs. By the end of the year the battleship 
California had been delivered to the Navy. Latest reports indicate that 
the new battleship Massachusetts will be laid down in the first. half pa 
January. ay besten of the American shipbuilding: programme, ROM: 
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Approximate. 

Displace- Laid date of Where. . 

down... completion. building, 
‘ons... 
Colorado 32,600...... 1919... 1922... . Camden, N, J... 
Maryland pis Newport Nome 
Washington 32,600. N. J... 
West. Virginia........ Newport News 
South Dakota ....... 43,200...... 1919,.....1928......New York 
Montana Island, Cal. 
Lexington... 1980. 01,1988... «Fore River 
Constellation 48,500.) 1923... “Newport News, 
Saratoga... 48,500. 6.19202... N. J. 
Ranger 43,5000. 19200. Newport News: 
Constitution 43,500... 4... 1920. Lo «Philadelphia 


Wash. 


incy, Mass. 
incy, Mass. 
hiladelphia 
Philadelphia 
Philadelphia ~ 
Philadelphia: 
1922...... Philadelphia 


Only two of the vessels listed above had been launched by the end of 
the year, viz., the battleship Maryland on March 20, and the scout. cruiser 
Omaha on December 15. Delays have arisen owing. to modifications: in 
design, lack of building facilities—especially at the Government yards—and 
other causes, and it is possible that the entire programme will not be com- 
pleted before 1924. As regards’smaller: véssels, it was stated:in the House 
of Commons on December 15 thatthe United States had. sixty-three de- 
stroyers and fifty-three submarines in: hand, but these totals are somewhat 
in excess ‘of the official: American figures... As’ we propose to give; in an 


early issue, ‘a ‘detailed description of the: larger vessels now building: for - 


the United States Navy, it is unnecessary to’deal with them here. It 
be mentioned; however, that inthe the light cruisers ‘the original 
displacement of 7,100 tons has been increased to 7,500 tons, and the orig- 
inal speed of 35 knots reduced to 33.7 knots, these modifications being: due 
to the addition of four .6-inch guns on:twin mountings:at bow and stern, 
thus bringing the main armament up to twelve 6-inch 53-caliber quick-fir- 
ing guns. 


*The keels of three of these battle-cruisers were laid on the same day, viz., 
September 25, 1920. 


AK A) |. 


oO 
Milwaukee 7,500.. 9918. 
Cincinnati 7,500). 2. 2.1919 
Detroit 7,500.2... .1920 
Richmond .. 7,500... 255.1919 
Concord 750002. 1919 
Trenton 500000. £1920 
Marblehead ......... 7,500......1919 
Memphis ............  7,500......1919 
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Next to the United States, Japan. showed the greatest activity in naval 
construction. during the past year.,, We are indebted to the Japanese Naval 
Attaché in London, Captain. S.. Kobayashi, I. J, N.,. for the following: list 
of warships launched recently:— & 


; 


Battleship, Nagato: November 9;71919 
Battleship, MSG NG May 31,:1920°5 
Light cruiser, Kuma ............000006 July 9, 1919 
Light cruiser, Tama ........... ee Fe February 10, 1920 
Light cruiser, Kitakami .............. July, 1920 sak 
Light cruiser, Ohé July, 1920 


eight 16-inch 45-caliber guns; with an auxiliary: battery of twenty 5.5-inch 
quick-firers;' They: are reported, unofficially, to be 709°feet long over all, 
with a: beam of 98 feet, and to’ have 13-inch armor on the water line.’ The 
horizontal protection is very good, having been designed witha view to 
offering strong resistance to plunging fire. These ships are said to be 
fitted with a “ modified form” of bulge protection, “ which does not inter- 


-fere with speed.” The four light cruisers named are of uniform design: 


5,500 tons, 33 knots, seven 5.5-inch' guns. “The Kiso, a fifth ship of the 


_ same class, was laid down early in 1920 and is due to be launched in the 


coming spring. Two: further battleships. were laid down during the year, 
the Tosa at Nagasaki in February, and the Kaga at Kobe in July. These 
ships may be regarded as a “reply” to the American “Indiana” class to 
which they correspond in displacement and armament, but no official in- 
formation is available. Captain Kobayashi informs us that four battle- 
cruisers, Amagi, Akagi, Atago, and ‘Takao, have been or are. about to be 
laid down. American reports crédit these ships with a displacement of 
42,000 tons, a speed of 34 knots, afid an armament of eight 16-inch guns, 
in which case they would closely resemble the American battle-cruisers. 
The contracts have been placed as follows:—Amagi, Yokosuka Navy 
Yard; Akagi, Kure Navy Yard; Atago, Kawasaki Company, Kobe; Takao, 
Mitsu Bishi Company, Nagasaki. Four new light cruisers were. also be- 
gun during 1920, viz., Nagara, Isudzu, Natori, and Yura. They are to be 
sister ships, displacing between 6,000 and 7,000 tons, and designed for a 
speed of 34 knots. It is understood that the armament, which has not yet 
been determined, may include a: few, guns of larger caliber than 6-inch. 
Several large destroyers of 1,350 tons and 34 knots were launched in the 
coursé of the year, and eight or twelve new boats of a similar type were 
put im hand. Although. no details of submarine construction are officially 
published, it.is known that at least twenty of these vessels are now build- 
ing for the: Japanese Navy, the majority of which are of a large ocean- 
going type.'.In addition, seven ex-German submarines have been ‘allo- 
cated to Japan for experimental purposes, the terms of the Peace ‘Treaty 
requiring them to be broken up eventually. In July last a far-reaching 
scheme of naval, expansion was presented to. the, Japanese Diet. This 
measure calls for the building of, four battleships, four battle-crui 
twelve light cruisers, thirty-seven destroyers, seventy-five submarines, an 
eighteen auxiliary ships, all. of which are to be completed by 1928, ata 
total cost of 680,000,000, yen—£68,000,000 at par... The Minister of -Marine, 
Admiral Kato, said that the programme was not aimed against any poten- 
tial enemy, but was dictated by the country’s insular position, “although 
the possibility of the dispatch of foreign strength to the Orient had ‘not 


Launched. 
| 
Nageto and Mutsu are: sister battleships of. 33,800: tons ‘displace- 
ment, with a designed speed of 23 knots, The main armament ‘consists of : 
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been disregarded.” ” He added that the building capacity of Japan was two 
capital ships a year—a very conservative estimate in view of the large 
extensions made since 1914 in the State-owned and private shipyards and 
armament factories. A slump in merchant shipbuilding set in twelve 
months ago, but the principal establishments such as the Mitsu Bishi Com- 
pany, the Kawasaki Company, the Osaka Ironworks, the Yokohama Dock- 
yard Company, the Uraga Dock Company, and the Asano Company, are 


| with important naval contracts that will keep them the 


next two or three orate: 

The French Covert ache has not yet settled its future naval dies: and 
there has been in consequence very little activity in the dockyards since the 
war. The programme of 1919. included six cruisers, of 4;750 tons. and 30 
knots, with light armor protection and a battery of eight 5.5-inch guns; 
together with six destroyers of 2,000 tons and 35 knots, armed with three 
5.5-inch guns. None of these vessels has been Jaid down yet, and the plans 


_ are likely to be modified.. The Conseil ee is now said: to be con- 
the following designs : 


Capital Ships. 


(2) 32,000 tons, 24 knots, six17.7-inch: guns. 
(2): 35,000..tons, 28,5 knots, six 17.7-inch guns. 
{8)-30,000 tons, 23.5 knots, eight 45.8-ioch guns, 


Light Cruisers: 


5,300 tons,. 32. knots, eight ‘55-inch 55-caliber ‘guns, 
(2) 6,000 tons, 35 knots, eight 5.5-inch 60-caliber ape. 
(3). 7,600 tons, 33 knots, six 7.6-inch guns. 

. (4): 8,500 tons, 33 knots, five 8-inch guns. 


ten large submersibles are reported to have been afte? in 1920, but 
no details are forthcoming. Work in the French dockyards i is therefore 
limited for the time being to the completion of several “avisos,” or sloops, 
built under the war programmes, and to the reconditioning of the follow- 


ouncil:— 


Cruisers: 


Kolberg. . 
(excAustrian) 


Ten ex-enemy have in the French 
Navy, S. 113° (re-named L’Amiral “H. 147 (Delage), H: 146 
$.'134' (Vesco), 139 (Deligny), 133 (Chas- 
tang), S, 135 or 136 (Mazaré), “(Buino), V. 79 (Pierre’ Durand), 
and’ Ducla (Matelét-Leblanc). Ten former German submarines’ 
been under ‘the French flag 
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"The Italian Government announced last summer that its plans for the 
near future did not include the construction of large ships of war.. The 


defence’ of ‘the coast would be entrtisted to light mobile forces, and with . 


the exe ptiol of ‘torpedo craft and submarines all naval: work had been 
countermanded. The battleship Caracciolo, 30,900 tons, laid down at Cas- 
tellamareé ‘late in 1914, on which work had been suspended during the war, 
was launched in order to clear the slip, and will be completed as an oil 
tanker or a ‘transport. Four flotilla leaders, 2,200 tons and 34 knots, 
armed with eight 4.7-inch guns, ate building by Ansaldo and Co., at Genoa; 
but a group of six larger vessels of this type, ordered from Pattisons, of 
Naples, have been cancelled. The destroyer Solferino, 904 tons, 32 knots, 
four 4-inch guns, was launched by Orlando Brothers at Leghorn on April 
28. Six small gunboats of a new type were laid down in the Pattison 
yard at Naples in May and June: Their names are’ Andrea Bafile, Carlo 
del Greco, Tolosetto’ Farinati, Ernesto ‘Giovannini, Emanuele Russo, and 
Allessandro Vetturi. The displacentént is 230 tons, speed 23 knots, and 
the armament’consists of two 4-inch guns. It is uncertain whether these 
vessels’ will be propelled by ‘steam ‘or’ internal combustion enginés.. The 
Italian Navy has been reinforced by the addition’ of the ex-enemy light 
cruisers Graudenz, Pillau, Strassburg, Helgoland, Saida, and ten de- 

‘On December 3 the German Reichstag approved a vote of: 25,000,000 
marks for the construction of a light cruiser, Socialist members, who op- 
posed the grant) declared it to: be nothing more ‘or less than: the inaugura- 
tion ‘ofa: ‘naval programme, and’the’new cruiser was’to ‘be “the man- 
ifestation of that old militarist spirit which was'still alive.” By the Treaty 
of ' Versailles Germany is inhibited from building light cruisers of a dis- 
placement greater than 6,000 tons. The ‘new vessel will probably be laid 
down ‘at Wilhelmshaven at an early date. ‘The former Imperial Yard at 


Danzig has been engaged during the past year in converting several war- — 


ships into merchantmen. The old cruiser Gefion is now the M.S. Adolf 
Sommerfeld, a cargo vessel fitted with two six-cylinder Diesel engines, 
each of 800 horsepower, which were originally manufactured for use in 
submarines. Another old cruiser, the Viktoria Luise, has been converted 
to the single-screw cargo steamer Flora Sommerfeld. The two light 
cruisers Wiesbaden and Rostock, which were in an advanced state of con- 
struction at the Armistice have been taken to Liibeck, where they will be 
reconstructed as cargo steamers. 


SPAIN. 


The light cruiser Reina Victoria Eugenia was launched on April 21 at 
the Ferrol yard of La Sociedad Espafiola de Construccién Naval. This 
ship was ordered as long ago as 1914, but progress on her had been 


greatly delayed by the shortage of materials during the war. She is in. 


essential features a replica of the British Birmingham class, as will be 
seen from the following particulars :—Length over all, 462 feet; extreme 


breadth, 50 feet. depth moulded, 25 feet, 734 inches; mean draught, 15 - 


feet, 9 inches; displacement, 5,500 tons. Nickel steel plating affords pro- 
tection to the water line, in conjunction with a sloping deck. The ma- 
chinery consists of Parsons turbines with a straight drive on two shafts, 
designed for 22,500 horsepower and a speed of 25.5 knots. There are 
twelve Yarrow boilers for coal and oil fuel. Both machinery and boilers 
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were made in the shops at Ferrol. The armament comprises nine 6-inch 
ili four 3-pounder anti-aircraft guns, four Vickers automatic guns, and 
our 21-inch twin-mounted deck torpedo tubes, On the occasion of the 
launch and for. services in connection with the Spanish Navy, King Al- 
fonso conferred upon Mr. H. J. Spiers, the director of the works, the 
Grand Cross of Naval Merit. The Ferrol yard has already built three 

Dreadno ht battleships for the Spanish Navy, and is now at. work, upon 
two new t cruisers of 4,650 tons and 29 knots. In November, how- 
ever, it was reported that the company had decided to close its shipyard 


indefinitely, owing to the of its bat to re- 
pair a 


MINOR NAVIES. 


. There i is but little of interest to chronicle in connection with the navies 
of the smaller Powers. The Dutch Government, in a memorandum pub- 
__————s lished last June, laid down the principle that the defence of Holland by 
sea should be undertaken with “ small.material,”, such as submarines, ‘mine- 
layers, aeroplanes, and guard vessels., But as the defence of the colonies 
necessitated a few fast light cruisers and destroyers, the Government had 
decided. to continue the construction of the cruisers. Java: and Sumatra, 
building at Flushing and Amsterdam, respectively, These. ships, which 
; have been previously described in “ The Engineer,” displace 7,050 tons and 
have an estimated speed of 30 knots. They were to have been built under 
the technical supervision of the Krupp Germania Yard of Kiel, which was 
also to supply materials and a certain number. of skilled workmen, bit 
that this arrangement has been adhered to is doubtful. Three submarines 

of. ocean-going, type are building, at’ Flushing and, Rotterdam. 
‘Rumors that. were current ear tothe effect, that large ordets 
for naval-construction were pendin, » Brazil and: Chile have not -yet 
materialized. On the other. hand, Chile has purchased the British battle- 
ship Canada, which has been re-named Almirante Latorre; and the flotilla 
leaders Broke, Botha, and Faulknor. All four vessels. were begun orig- 
inally. for Chile and taken over, -by the, British. Admiralty during 
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ont Furr BURNING 1 IN Marine PRACTICE. ‘By Ww. M. 
SourHERN. D. NosTRAND Company, _ WARREN 
SrreET, New York. 200 PP. 102 ILL. $7. 50 NET. 


The author states that the volume: has been. compiled by 
request to meet the demand of marine engineer officers for 
a book containing clear and exhaustive descriptions of various 
systems of oil fuel burning, combined with general, practical 
information and:hints relating to the of this modern 
method of steam-raising: 

explains briefly the chemistry of combustion, gives definitions 
of the: usual vor mae specific gravity tables, explanations. of 
making tests. An occasionaf wills its 
is also. given. necessity; for fittings and, accessories is 
explained and: the features that an. fuel — 
possess are listed. cri | 

‘The: various: of: oil fuel are 
described in detail, with many large plates and numerous illus- 
trations. The systems described are the following: Kermode, 


-Wallsend-Hawden, White’Low Pressure, J. 


Babcock and Wilcox, and Dahl.’ 

Having described the various systems, the sma sensi 
to point,out faults frequently found in oil burning, giving both 
cause and effect, and follows this by a series of questions and 
answers,on the. use of oil fuel, The last section is a summary 
of general information on the subject of oil fuel and includes 
Lloyd's Rules for. burning and carrying of oil. fuel, 
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INDuUsTRIAL O1L ENGINEERING.. By JoHN RoME BartLe. 
J. B. Lippincorr Company, 1131 pp. In. 


A handbook, rather larger than customary, containing sec- 
tions on mathematics and useful data; marketing of oils; 
mechanical engineering; petroleum and its products, including 
short paragraphs on the various theories of its origin, and 
characteristics of the various crudes; description of certain 
methods of refining and also the manufacture of lubricating 
greases; fats and oils other than petroleum products; testing 
and properties of oils with descriptions of certain instruments 
used in making tests; lubrication and friction with a theory 
of lubrication; lubricating and industrial oil equipment such as 
filters, purifiers, and coolers; oil storage and handling ; lubrica- 
tion of artillery and ordnance, aviation engines, automobiles, 
cranes, engines, elevators, locomotives, textile and mining ma- 
chinery; and for and 
their testing. Gi 

The information is general in 
some instances and much more in detail in others, but this 
could probably not be avoided in the wide range of the subjects 
covered. However, as a reference book it should be useful. 


‘Tur MarvELs THE Sutp. By CHATTERTON, 


‘Lr. Compr., R. S$. V.R. J. B. PHILA. 


1921. 259 pp. 15 ILL, 
‘In this work is set forth in some detail the growth of ene 


ship from the first vessels of which’ there” is any record in 


history down to the modern liner and war vessel, with certain 
theories as to the methods of transportation on water before 


the existence of the first known boat. ‘The ‘volume contains 


descriptions of the’ first ships of ‘the Nile ‘and’the Mediter- 
ranean, with certain details of their rig and construction, a 
history of the evolution and development of the ship in various 
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countries at different dates, the first steam-propelled vessels, 
and modern vessels. A chapter is also devoted to the fishing 
fleets, Although no mention is made of new types which 
have been developed in very recent years, the book is an 
interesting 
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The Annual Banquet of the Society, which had been sus- 
pended during the war, was resumed this year, and was held 
at the New Willard Hotel, Washington, D. C., on December 
18, 1920. 

One hundred and sixty members and guests attended and the 
affair was most enjoyable. Captain John Halligan, Jr., 
_U.S.N., presided as toastmaster and during the evening the 
following responded to toasts: 

The Navy, Its Relation to the Foreign Policy of the United 
States, Senator Key Pittman. 

Naval Engineers, Their Mission as Viewed by Command. 
Afloat, Admiral R. E. Coontz, U. S. N., Chief of Naval 
Operations. 

The Shipbuilder, Mr: J. W. Powell, Vice President, Beth- 
lehem Shipbuilding Corp. 

The Development of Engineering Talent in the Navy, Mr. 
W. L. R. Emmet, General Electric Co. 

The Trend of Naval Engineering During the World War, 
Rear Admiral R. S. Griffin, U. S. N., Chief of Bureau of 
Engineering. 

Fuel Oil for the Navy, the Secretary of the Navy. 

The addresses of the Secretary of the Navy and Mr. W. L. 
R. Emmet will be found in this number of the JouRNAL. 


The dinner was in charge of the following committee : 
Commander F. J. Cleary, U. S. N. 

' Commander H. A. Stuart, U. S. N. 
Lieut. Commander F. S$. Sherman, U. S. N. 
Lieut. Commander W. D. Chandler, U.S. N. 
Lieut. Commander J. Q. Walton, U. S. C. G. 


222 ASSOCIATION NOTES. 
i 
i 
| 
i 
: 


ASSOCIATION, NOTES. 223 


ELECTION OF OFFICERS. 
"The meeting to count votes for officers of the Society for 
the year 1921 was held at the Navy Department on Thursday, 
30, 1920. The were declared. 
‘President: 
Captain. A.J. Hepburn, U.S.N. 
Secretary-Treasurer: 
Commander F S. Evans, U. S. N. 
Council: 
Rear Admiral B, C. Bryan, U. S.N. 
Captain Robert Stocker (C. C.), U. N. 
‘Commander S. C. Hooper, U. S. N. 


Commander Kenneth Whiting, U. S. N. 
~~’ Lieut. Commander M. R. Daniels, U. S. C. G. 


FINANCIAL STATEMEN'S, 1920. 


PUBLICATION STATEMENT. 


The following statement shows the cost of producing the JouRNAaL of 
the Society for 1920 and the returns therefrom, with the gross profit: 


and Express 


| 
$12,332.72 
197.65 
‘181.62 
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GENERAL PROFIT AND 1668 STATEMENT. 


The following statement shows the result. the complete operation 
of the business during the year 1920: é 


Loss. Gain. 
Cross Profit from Publication... 
Current Profit and Loss 


BALANCE STATEMENT, 


The following statement shows the difference between the assets of the 
Society on January 1, 1920, and on December 31, 1920, with the net gain: 


Accounts Receivable, Advertisements 1,783.14 
Accounts Receivable, Subscriptions 975.00 
Army and Navy Club Bond 1,000.00 
Government Bond, 1st Liberty ..............ceeeeeceeeceeeeeees 1,000.00 
Government Bond, 3d Liberty ........... 1,000.00 
Government Bond, 5th Liberty 1,000.00 
iSavitigs Stamps... 838.00 - 
Washington Railway & Electric Co,  4,320,00 
$20,511.21 
Net Assets December 31, 1920 :............. $20,461.21 


_ An auditing committee has been appointed and: are 
now being audited. 
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MEMBERSHIP. 


The Society desires to extend its whl in the’ Navy 
and it is requested that all members bring to the attention. of 
officers, and especially the younger officers, with whom they 
are associated the advantages of membership and Soares to. 
them a most cordial invitation to join withus. = iy 

The following members and associates have joined the 
Society since the publication of the last JourNAL: sisi 


MEMBERS. 

Brimmer, K. F., Ensign, 
Hamilton, J. E., Ensign, U. S.'N. 
Huntington, C.M., Ensign, 
Jones, John W., Ensign, U.S. N. 

Kennedy, S. S., Lieut. Commander, U. 
Kime, F. D., Ensign, U. SN. 
King, James L,., Lieut. U. N. 

Klein, H. S., Lieut. Nv 

Merkt, A. J., Lieut. U.S. 

Myers, G. B., Ensign, U. S.No) 

Schneider, N. F., Ensign, U. S. N. 

Van Auken, F. T., Lieut. Commander, U. S. N. 


ASSOCIATES. 


Bailey, Wm. H., Bureau of Engineering, Navy Dept. 

Coward, Herbert, 501 Washington Loan & Trust Bldg., 
Washington, D. C. 

Crossley, Alfred, 5320 Illinois Ave., N.W., 
D.C. 

Davis, Hugh, care Goulds Mfg. Co., 111 North 3d St., 
Philadelphia, Pa. 

Florit, Felix, Engineer Lieut., Argentine Navy. - 

Ford, Sherman, 25 Primrose St., Chevy Chase, Md. 

King, J. H., care Babcock & Wilcox: Co., 85 iseety St., 
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Mackenzie, K. G., The ‘Texas Co., 17 — — New 4 
York City. 
Murtaugh, Walter A, "Bath Iron Works, 17 Battery Place, 
New York City. 


“Speck, Wm., Speck Mig. Co., 255 Octavia St., San. Fran- 
cisco, Calif. oe 


_ Watson, Wallis C., 1034 Sanford, St., 
Webster, Fred Woolworth Building, New York. City, 


ADDRESSES. 


The Secretary-Treasurer again earnestly solicits your ‘sup- 
port in his effort to ensure prompt delivery of your JouRNAL 
by prompt notification of all CHE of address. . 


MEETING OF AMERICAN, socrety OF ‘MECHANICAL ENGINEERS. 


The Spring meeting of the American Society of Mechanical 
Engineers will be held at the Congress Hotel, Chicago, Ill., 
May 28 through May 26, 1921. Sessions are planned on 
Aeronautics, Fuels, Management, Material 


Shop, Power, Forest Products me Baten 
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ERRATA. 


Vol. XX XIII, No, 1. 
‘Table “SUMMARY OF DATA” immediately preceding 
page II: 


In the horizontal line giving ‘“‘ LBS./S.H.P./HR.—T.O.”, 
under 15 knots read “18.0” for “17.3” and under 30 
knots read “10,65” for “11.65”. 


Page 140, line 11; for: 
I. H. P.a (corrected) = I. H. P.a! 
read I, H. P.a (corrected) = I. H. P.al. 
Line 16; for: 


Ra (corrected) = Ra! X (2) 
Di 


read Rg (corrected) = Ru x 


Line 19: for: 


D 
I. H. = engine power x($) 
read I. H. P.q' = engine power. 
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